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KXTRACT FROM PRI-il'AC'F TO FIRST 
FDl'I’ION 


Tiik |M'('soiit l)(K)]v (Ica.ls M'itli suhjoTls in tlu' hordoilnnll U'- 
tw?-(w'i .so\'oFal {illioii sf-ioiKR's ( iKtIa l»l_\ j)!i\ .-.ic'S .ind olunriist f\ ) 
.Tiid tin* t'\<.'ludv(']y praotir.d >id(‘^ ol (heir appliration. It 
liopod thal tile hludt'nt will 1 k> h(‘l|>(‘vl to iindo-Ni and soiin*- 
of tlio a pplioat Jons of those heat (*n^incs which w'oik 
on th(' inloinal (‘ondnist ion pnnoiplc. and the enyini'ci' to a 
liillci' |•(‘a.h^lf Ktn »)i tlio m-kmiIiIii principles eoneeiiiefl in tht* 
dosiwn and workiini Lia''. oil an<l pci oil cnyinc,', in or’diT 
to ceonnijti'/e sp.N'e. and since* ha- Imm'Ii ai!ipl\ dealt ^^ith 
h\ many otlui' wrilejs hltlv' is ,-aid nf (he* histoiicad side ct 
Tfic siihjci't. TIk* iiit.rodm f inn int n t he 1 1 (an ctieal treat imait 
ol I 1 k‘ sid>j(‘ct . of 1 h-‘ j»rineipl<- 1 he iKtw ree(H_rni/e<l v.iriahilit v 
ol speeihe hi'ats with t(m*j)era t me has n!\-ol\ed iiie hiN-akin,:^ 
oi mneh new ^ronmk an I It is imi n,-sihle )n.'\p(e< emnplete 
siieecss in a\oldiny inistiikes and .-lip- in the eat al. Ijons. [ 
.shall thcTi'fore he very iif?nl to have hro.ialit to ni\ ntfliee any 
co]’r(‘Cl ion.s that Jiiay in' neee.ssary. 

In waiting’ tliis )>ook so inan\ oi’ininal p.ijH'm aial tieatises 
ljav(> hael t" )h' consulted that it i.< iiva (ra.-y to make the 
napiisite and proper aeknow k'di^nuMits. I'ir-t, howi'vm'j it 
is a pkaisure to ae'knowdedee my to-eat invlehtedn<‘ss to 
rrofessor IVary, to w'hom, as a stiideait many years ago, 
and on numerons occasions sima-, my thanks aie due for 
guidance*, conn.sel anel he !j> m ne-rousK civen. I have* also to 
thank i\Ii‘. Ihigalel ( ka'k ami I'rofe-.se'r lictpkinson for 
cejpies of their jjapcjv. 1 am indehte*e! also to Mr. d. T. I). 
Ihurell, As.soeaM.liistd idr e heekmg the mat liematical 
cale’ulatiems anel fen* forking eml the e*\ampks. JMr the 
illustrative mattei- J have to thank the* Institutiuiis, Jdrms and 
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imlividnals ^ineiitioiK'd in the following list, but. cliiefly my 
friend Mr. F. Strickland and Messrs, ('has. Crillin & ( o. for 
permission to r(‘produee certain illustratitms from their '' Ik'trol 
Motors and Cars." Finally I bmder my thanks to th(‘ 

Fditors of The Engiueer and Engineering for pt'rmissiou to 
re])rodiice (icrtain parts (d articles contributed to thoir columns. 

Jl. E, W. 

CidKLSFA 

Uih Aiujus'l 1908 



PREFACE TO SECOND EDITION 


SiNC'E the First I^lilioii of this book was ])rinted there liave 
}>ee!i many ini portniil (kwelojimeiits in the inlernal eombiislion 
(aii^ine. Theiv has Ix^m a considi'raliU* (‘xt<aisioii of its n,se 
at sc;/i, a V(*rv t‘irii;c*Iy iiHa'i^ased oinployment on land, and a 
most not.;d)l(' (h'veJopiiHmt for service in th(‘ air. Moreovi^r, th(‘ 
re(*ent work of th(‘ IkA. (hideous Fxplosions CommiUee has 
jirovided a real basis for a modern t la^ory of the engim*. These 
ohanj/esin th('ory and practice' have necessitated eorri‘S]K)nding 
ehanj 2 ;(‘s in the book; th(^ ih'W matti'r to be addeal has led to 
some' compri'ssion in tlu' old, so that the len^dh niieht be kejit 
within i)ound^ ; mnch has Ihh'Ii re'writ h'lL In this work 1 
have n'cedved th(‘ \alnable assis(;wH*e ot Mi. 11. K. Figeott, 
^ly, fornu'rly scholar (»f ( dan^ t 'ollegt', < 'ambridgc', and now^ 
Head of the Mathematical Departnu'nt of tlu' IFN. t 'olleg(‘, 
Dartmouth, and of Mr. \Vk F. llogg. A.U.C.S., AssoecM.liist. 
C.K. ; to both of them my Uninks are dm*. 

At th<‘ entl of each chapter w ill b(‘ found -ome ])i‘obl(‘ms 
for solution, drawn (ddefly from the (“\aminahon jiapei’s si't 
at Cambridge, at the fnipcrial < olt ae of Sc ieniT' and 
Te'chnology, and by tin' J>oard of Education and otluT’ 
rjovernimmt D(‘])artments. These have Ix'cn airang<‘d by 
Mr. Tiggott, and his solutions of them are given at th(' ( ii I 
of the book. 

11. K. W. 

Hampstead 

2St/i Fd/ruitry 1915 
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USi:i'UL CONS'I ANTS 


Ll]\(;Tt}, AkKA A.NTl) \'OLrME 
*] (‘flit ijiH'l re - 0 jnch. 

1 iJich - 2 r)4(> ('1(1. 

"(j. ('111. 0 1, ■».')(! >(j ill. 

, 1 .-iij. in — <' 4.12 s(|. ciji. 

1 (‘U iiicl -- ;{ I cii. ft, 

1 impcn.il ^,(l!nn I .111) hfr<-> = ]() I’*, of water. 

I I S.A. ^.lllulj I{ TH.I lltlA"-. 

^\ I n iiT AXD kI'; • 

1 EK 2 2(1.111). 

;/ - .52 2 ft. st'c. per -.» <\ - 9^1 "ni jxT se(\ [kt S('(‘. 

1 al iii(.)spi'fi ( 14 i ii). ]»< r -ai. in 7('*'> nmi. uf iiu'j'iniry 

2 I Ml 11). pf‘r*Mj ft. t- ft. oi \\.ii<r, 

I 11). prf -.fj. in. IMMOIll J-.p'. per ^<i. (’in. 

1 litte of A\,(ler w, iL’li^ 1 kg. - U'oo i^ouns. 

I nielrio (on - 220.>11). 

« 

Evekov 

i ft. lb. -- 0 J .3Si) kg. nieif)^- - 1 3.1b y lu* ergs. 

] Joule - lo" ergs 0 7:573 ft. lb. 

1 H.l'.-liour - KOSOJMiO ft. lb. 

1 CMl.l'. - ft. lb. 

1 il.Th.Xb - 778 ft. lb. 

1 calorie - :.5,087 ft. lb. - 2-2b.1 ('MbF. 

I’OWER 

1 watt — 1 volt. V 1 aiup(Te - 10’ ergs, per see. = 1 Joule 
per see. 

1 K.W. 1 34 H.l\ 0 230 (‘alorit's [x'r sec. 

1 0-710 K.W. 7(i-*M kg. 111 . p(>r s('e. 

J metric 11. i1 -■ (108(1 I'aiglish H.l*. -■ 7.1 kg. jn, pc^r soo. 
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Elementary 

« 

History ok Intfrnaf. Comim stion -I^se of r'oMi'REssroi^— 

( OMFARATJVF Im ON’OMV 

1. Heat Engines. Uont chloik’s arc niacliincs wliicli rrcoivc^ 
lical ami (urn stmu' poilioii oi i(, into inooliaiiical work. 

aio of two kinds - 

(1) Sloatn I'aiiiincs ^ 

( 2 ) Inle/nal Combustion bjigincs. 

fn sH am (‘iiuinos ilic heal is apphtal to the bniitu* wbiob 
g(Mi(‘rat(.s steam. Tbe .'team pasM's tbrouglt tin* si ('am pipe 
into tlu' (Migiiie, and when y gets the. e it. mak.'. tiu' engine 
do work. 

TIk* internal combustion engine works m a dilT(‘rent way 
altogether. Tlie heat is act ualiy. produced by eoinbu.i^tioTi of 
fuel the cylinder of the (‘Uginc. Whereas t he steam engine 
illustratos exit rnal combu.^tion, gas, oil and patrol engiims 
art' calk'd iiittTmd comhu.^i’ou ('Ugint's. A gun is also a bjrm 
of internal i*ombustion engine in which a certain part of the 
heat given out on ('xplosioii is coiuerU'd into kinetic energy in 
tlie })rojectile. 

2. History of the Internal Combustion Engine.-- The fust 
internal comhnstion (‘iigine was made ])y Huyglnuis in the 
year KiSO. Jt was vc'rv dilTerent to any engiiii' mad(^ now. It 
did not work on gas or oil or pidrol, hnt used gunpowder as its 
fuel. (hinpoMdcr was exploded in a iiollow eylindrical vessel 
while tlie piston was at tlie top, and the air was driven forcibly 
out- The partial vaeiuiiii so caused, tended to pull the pistem 

' B 
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and lliis (uaild he by incaias of a ooid and 

piillov lo raise a. ut i;_'hi d) do work by snnie oilu^r sniialjle 
nu'chaniMo. This cnL^iin* was not a pra* ( i<'al snccrss, nor wiae 
an\ liter ('lieini,- woildn^^ with 'pnijMOvdri' as Inel. Tn the 
\t'ai' IS^M) |li(‘ lirst eiiL'ine i}»at eould naiiy l)e i.dad a 'ias 
c iiLniK' " was n]ad(‘ Its itivenlor \\as the ib'v. \\k<\a'il, who 
b^' aji inLa'nion^ ari\tna,<anent e\plodet| in tin' woilsini: e\linder‘ 
b\di()i!,rn ii;ah nii\<'<l witti aii\ the ]n‘inf*ipl(' b< ini; tin' same as 
that ol the 1 1 n\ ^hen^ «inn{M>w'dc; ('nyin<'. also was m^t a 

practieal sn(’e(s>. thonyli a step lorwaid. 

S. Lenoir Elp'dlie. the liist einjinrs that eonid be put tc’* 
j)i‘aetieal n-e were' made b\ Lem !!' in I Mi»> lb' used t h’e idi'as 
of man\' people who )>ad j>re\ im. !\ beeJi woikinu at the 
subject, but he t^raspiMl the n)atler moie th(tj{m;'Jily ami miu'h 
moK' t'Mtn I rueitvt'Iy. l\bui\ b(mdI■('fi^ ol hisenpim's \\«'r(»made. 
Ilis plan was to draw into the c ylimlei' <( mixed e})ari;(‘ of air 
and y.is Thi^i he did by eansina’ t he eonnei't inp rod to pull 
the piston nf)uai'<l-i. tlu'O wIk'U th(' pi, -(on was h.ilt way np the 
evlindci’ he iyiiited, by an I'leetiie ,-pai‘k, tin' pa.-eons mixture. 
A\hieh had be('n drawn in The yas <*oujd jiot I'seapi' b> the 
inlet pipo, as that eontamed a noii-j<>t inn vaKi-. So th(''fidl 
('Ib'et of the ('xplo.sion w.is ielt b\ th(' piston, whieh w<isfoi‘ei'd 
upwards eansinu th(' e(nnir‘elini>:p‘od to do work. \\'hen the 
piston r('<n‘h('d the top of its .-tr<»k(' the ontlol \alve wms oju'in'd. 
'rhen sima' the eonneet in,e’ rod was fa.''l<'n('d to a crank whieb 
Inrned’a liy-wlieel tin* (‘in'r^y of tfie latti'i* imide Ihi' piston 
d( seend and <lri\e the burnt prmbiets out of the cylinder, it 
then bcL^an to iTe ayain, draw my in a fiesli eharyi' of yas and 
air. wTieli \\a^ in turn iynit('d when the jiiston was half way uf) 
tin’ e\ linder 'rini,- tin* motion was r('peated. 1'he aii' and yas 
W‘'r(‘ alwa\'- drawn in at about atmospberie pressme, and weiv 
iyniled ]>\ the .spark at that pn'ssure. fn modern enyines the 
mixtuie of yas and air is always ami before iyiiition. 
L( noir's eiiyiiu' is tliereldre (‘ailed a '' mui-eonijiressioJi (‘iigiiKu 
It us('d about seven times as niueh fuel f>er horsevpower as 
a moderji enyine. 

4. Olio and Lail.fi:cn.— Tn isuik <dto and Jjanyf'n prodneed 
aneiiyijK' in whieh th(‘ piston was not fasti'iied to a e-onneetiny 
lod. but was loo.^e and could (ly ii])waids. Wlu'ii the ex- 
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])lofl<‘(l i!as('s had ('xpatidrd ajid had (j)artl\ l)\ (‘xpaii- 

sion and paftly h\ I In- (»i the cold c\lijid(T \Nall.s), lfi(‘ 

flyhii*; piston stoj>pcd li.'-itiif and hci^aii to f:dl under gravity. 
It was IImmi caniLiht l)\ a kind ol latclict on its connecting rod, 
and, nsinc iu weioht in this \\,i\, tin' piston did woi’k. 'kins 
(MiiziiU' was not \ci\ sijccc^'^inl. it> action l>ciny spasmodic. 
Ihit in 1 S7t) Ot to pro(lnc(‘d what he c.dkaj a ‘ silent enciiu' ' 

to di.-^t in«nn^h it Ironi the jioi^\ Hum.'; pi-ton enyiiK' jn-t 
desei'ihed. It worki'd on a |)rincipl(' <»f opiaat am wliiili liad 
l)e<‘n V('i\ elcaily stated lonilcui umis hefme hy llcan d(‘ 
Hocha,-, wli'c althouLdi Ik' had patentid it. had not made a 
woi'ktny siK cos <•! the in\(‘nlion Otto was a mote pra<*lieal 
man. and he made hi-- new ciiLnia* \cry >nc(c.-^lnl. 'Ida"* 
iiH'tliod oj workniL' w.c- ..■> lollow.- . 

• 

( I ) Vir ai'd I'.ts w( i(‘ di.tw h in dm iiil: an on1 Wiiid -I roke ol 

till' pinion lon'-w(d l)\' 

(1*) ( ompK ,--i<-n oj il:c nn\lm‘< dmiie: the ieimn mwatd 
.•“t loke. 

(3) I mi it ton at t he iiin« r d«-ad c*nt le. ami exj aiisu n 1 liiou;,>h- 
• out tin* m \t '/(it w.n-I 



(4) Diseharye oJ the hnrnl biases on the return of flic piston 
dnrinu; the last stroke 

This (*u*le of operations takes, it will he notie(al. /oar ."/ro/.r-s' 
to eojnj)let(‘. and is knoAui as an ()lio-e\ ele ’’ or ‘‘l''our- 
strola* " eyele 

5. Use of Compressicn.- The fniifkimcntal difeiern'c lit'tween 
the Lenoir and the ( )tto en^^ine- li<‘s in the fact that Uie former 
was a non-e.<im])r(‘ssion enyiiie, wlnLl tin* latter emjiloyed 
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comprcssioji. A I'lirtlicr is thai 11)0 l^caioir ojiginc 

c!oni|)let(‘il ils ('Vc;l(' of operations in two strokes, and is known 
as a ‘‘ t\vo-strok(‘ (‘iiirine, wliilst tlie Olto (Miirine is a “ four- 
stroke ” on(\ a.(lvantai»;(‘. of eoniprt'ssioji is that the gas(‘s 

arc'at a, fairly hi, kIi pressure Ixdon^ i he ignition point is rcvieluxl, 
and so ih(‘ (‘ITi'ct of tJu^ (“X])josion is to (-ause th(‘ niixtun' to 
!*eaeh a far higlu'r pressnn*, and then'fon^ to do more work, than 
if the pr('ssiir(‘ Ix'fore (e\|)losion a\(M(‘ no liigiK'r than that of the 
atmosplH'i'o outsid(‘ th(‘ i‘nuin(‘. The faet tliat all engiiK's woi k 
on eom])res^ion nuN-uis tliat all imi>l have a spae(‘ ])rovided into 
w liieli t 1 k‘ pisi on ean eompr<‘Ss 1 la* eharg(‘. li^ s]i.i('e is cal Km I 
t h(‘ “ eK'araiU'e spaei'.' In h'i^. .1 t Ik' iaeo of t h(‘ pi^toii.'MU t he 
(Mid of eompi('v.vi(»j|, f.(,iij('s iij» to th(‘ line A Ik and on t h(‘ ( x pan- 
cion ct loke mo\(‘c out ac far a> I'd’k 'Then IIh* spaci' helwecii 
All and ( '!) is ealkMl t he clearance . t lu' di, -stance fi o>n Al> 
to IxF tlie “sti'ok(‘"; and the I’atio of the volume^ (‘hKlx to 
('DBA th(‘ conipK^sion ratio." d<Mio(c(I h\ IIk* K^IUm’ r. It 
is obvionc that t lu' hivju i- the comptv-oon ral i< > the higlaM' will 
he t h(' prc'ssine at I h(‘ (Mid “^(f 'coinpicccKMi, .ind thus the higlan’ 
will ]»(‘ lJ)(‘ tiMiijM raMiK' a! th.it point. 


I 



Fig. 2. — T>M;:r.Mn of (’vIiikIm* -ukI Pi-.ftin. fMiowiiitr flc.iriiuro. 

, , \ oliinir y > 

( oiiipH ioii r,i( lo 

\ oliiitif ( ' .J I: 1) 

6 . Daj>ald Clerk. In isstt Dici;,id ( 'Km'K inv(Mit(‘d an 
engine which partook of tli(‘ natnie of the laMioir in that it 
was a tw'o-strok(‘ (Migine, and of th(‘ natni-(‘ of th(‘ Otto in that 
the mixture w.is compicsced Ixdoi'e exjiK sioii. 'This he did hy 
mixing and slightly eompr('csin,L^ the gas and air in a .-vpantiE 
cylmder inst(‘ad oi in the working (tsIn'diM'. dh(‘ woj’kiiiG' 

^ •S t? 
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cyliiuiei* received its mixture of gas and air under sliglit com- 
pression, foicuijg out tlje (\\haust gas as it ('ntere(l,*so that the 
exliaiisi and drawing in sti*oK(‘s ('oiild hi* omitti'd iii the niaiti 
cylinder. Of course thi* opmations thiij> omitleil in tlie inain 
cylind(‘i' had to he dono in the other eylindi'i'- calli'tl the jnnn]) 
eylindei - luit the working cylindei- A\as akli* to ellect twice* 
as maiiy working strokes per miimti* as iu tori'. The woi k 
doin' hy this cylinder was thi'rel'ori' (hinhled. Init against this 
ninst he Set tlii' work !(‘,st in pumping in tlx* other cylinder, 
l^lngini’s working on the Cleik e\eje an* now made in I'onsidi'r- 
ahle nnmhers. 

7 /DlillllPr. In ispa Daimler hronghi on! his well-known 
high spei'd pi'tiol I'ligine lor aulontohiles. The Otto iweie • 
was lollowi’d, and the chii'l improM'jnent.s '\eie (>f a mechanical 
nafmv. keltol Aapoiir Wa^^ ii.'ed iii'^livnl of g.-m This engo.e 
gave a gi'c.il imjK'tus (o mi'i-hanical tiaii^port on load.^. and 
to 1 h(' Use of niot<u -ho,t{s. 

8 . Diesel. -In iS'aT a no\el form oi oil engine was intro- 
duci'd hv l)ie,>(‘!. liivO'ad of .'f (‘^)m hn.' I ihle 111 i \1 111 e of oil- 
\aponr and ail heing <irawn in on the ^nclion slioki', air only 
wa,^ allowed lo (‘iiler ‘Tlii^' wa.'^ eompic.-Hscd lo a \'('ry high 
pre^^m■c on the compri'>^i'm stoTe .“aMi ih jjci s<i mch - 
and w.is rai.scd h\ lids ctunjircssfoii to a legi o nijiei at nri'. 
Then at the inner dead centre a small (]iiaiit-l\ oi .d was 
iiiji'cted at an e\en higher |»ies.-ni(' (soit ;i, .sipiai'c inch) 
hy mi'aiis of (‘<inipies-i< d* aii . This oil at taiee iginti'd on 
coming into cdnla' t with Die aii. and lorte<l the piston on its 
ontwai'd stroke. .\s tlw* str-'ki (ontiniicd, nioii' oil was 
inje( ted nntd the "cut olf '* jionil was i-e.iclied when thi' 
gasi's were all(»wed to e\pand and do wmk m tin' mnal way, 
ddii’ ejr</(‘t of adniitDng the ini'l gradually, instead of all at 
oniT, was to get a mori' even pressnie on Die piston from the 
iK'ginning of the stroke nniil t lie ent-off peinf This niadi* 
the action of the engine similar in ;.ome lespeils lo theai'lion 
of till* steam engini*. wliere thi piineiple of gradual arliniosion 
also applii's In this engine iio I'li'ctiii 'jiark was m'cdcMl f.) 
ignite the mixture, sinci* the lenij-eoJ me of Die ail’ at the I'lid 
of eoiiijin'ssion was itself high enough to eanse eomhnsDon to 
take place. 
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9. Humphrey Gas Pump.- A now ty])o of (Migim* was 
inlrorlnood hy 1 1 in I1M)!), in vn IiIOj 1Ik‘ iron ]>istoii 
was ro])l;iood by llu' Hat sinlaot* of a voitioal \\at(*i‘ colntnii 
whioli iindcT tlio (‘\plosiv(' lorc-o o1 IIk* gasc'oiis inixturo was 
niado to f)S('illaU' in a sorios oi niKapial sii'okos, and in so doijig 
to (*ans(' \\al<‘i‘ to ])ass iroin ;t lo\\' K'vc'l laidx to a liii^li I(*v('l 
one. 1To wat(‘r so ]nnnp(‘d oonld it dosirod Ik* inadoto work 
a wat(‘r tin bine. 


U:cfol 

iAr<rk 



10. Comparative Economy of Steam. Gas and Oil. An 

intor(‘st ini; (Moiipai isojj o{ tito jiiatixo tiiol oonsinn])tions 
and capital (*(>vts wjs m.idr by R \\"<»II;isb ni, in a papor 
r(‘ad before th(' S(H'i(‘t\ of ('boinic.d Industry in 11)11. The 
bdlowing is an <'\tra<l Iroui In,- pupor;- 

For }inipos<‘s ol i-ompaiUon ibo follow ini^ is an aj)proxi- 
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mate showing llie ]K‘rl(>iinantH‘ and ('onI of .ni'odrrn 

|)iiin(‘ nu)V(M’s. Tlu* vaj-ioii.s units aic : - , 

{(i) d'hc most, {‘conojnical ioian of niodi-iii slrani cngiiK' 
in con jniK'tion with nuaha-n hoiha- plant. 


{!)) A s((‘ain tnihinc of liig]ic>l cla^^- with niodcrn hoilcf 
j»]ant. 


(c) ( las (‘iigiiic w it h ' 
(^/) J)i(‘S('l oil (MlgilKO 

‘ hit nniinous ' 

ga> ])lanl- 



' J'. 1 1. 1 . 

r.i.i t 

1 .'i a il 

I > i). 

pri i; n n 

|.. 1 n n 1 * 

‘ " ' 1" ' 

• 

Ci'iit 


i: n c 

(//) Slr;uii rULMrit 

Ml nnn 

0 |02/. 

^7 

(/p Sli atti 1 UftiiMc 

21.000 

0 ] 12'/. 

I'O 

If ) ( ia,- 1 n-iiii' . 

r. ooo 

o (t.v/. 

I's 

((/ ) 1 )*"-.al Mii'ai'- 

0 000 

0 iv/. 

I'S 

fn the al)o\(' 7<i por 

coil!, chicion- 

'\ is a- inn<Ml 

for hoiho' 


an<] gas plant (’oalol i O.ono 'j'h. i per ih at Ig.s per ton 
I)i('S(‘] oil <tf jsiMin i)Tn.r. pci’ Ih. c.t 'iic. p<T ton. 

In I’ig. .'I i> s('ah a diajiJ’annnat M* ]’(‘prc.-o!il it ion oi the w'ay 
in \\lii(‘h the tuci cnci’g,\ is.iiscd iii <j .-as i'ni:i’H m,! pioilncca' 
]ilant. 




SECTION I 

T H E 0 K Y 




niAP’ri'H ri 

'rhcrmodyiKiinif ( A'flcs 

V’viT. 1 ’kih i;< T (;A'^ 1 -o-|'1i i ; ai vi Kxi'W-iov Ad' m: 

4>\N-i(>\ ;'o\^iv\r 'I'l mpm: .'m k;' (Ami Con 

^'(•vN'r Con rv\T ( amj’ Aiu 

S'J AM* vm». 

11. Quantity of Heat. 'I hr ()uanlil\ nt ln'at lmncii to IIk* 

wiiti'i' ill a V' ■'''('I tiH asiircd hv nmll i|*i\ inu I hr \\rij.’,jii oj tlir 
u.iU‘1' in I >0(1 III Is \)\ I lir lisr in itaujMaat no of {|a‘ \\ aU-r to 
its O'ri'ix iiir this hrat 'rioi^ il to 11*. Ao-iiilit of watia hr 
hrat('<l Ml that it^ trin]** lat nci* mm‘ Ironi Ao ( ’. to 7A ( '. thr 
<jnantit\ of lical Mii»j)lir.l i- to •:::> . I ooo hrat nnits, and 
a-'.thr trinpria t nn .-ralr nadi js ( 't nl lai'adi tlas(' hr, it units 
arr callc'd ( Vnt imMih' IxMt nint j(' II T i oi' pnund-raloi i«'s. 
TIk' (‘(jiiality of ' (iOO jionyd ra!oiir> to Ls(H> I’/I'h \ \ ran h(‘ 
nninodiaO'ly sia-n. as oiu' •lrrr**r < Vnijrfadr i' ijiial to l‘S 
dri.o■(‘r'^ lAdtoailirit . Onr ].onnd-i aloi m' is ttir ainoinit of 
h(‘at r('ijnif('d to hrat onr pound N'l'i^dit <*; ipu' thonifji oiu^ 
d(‘i!r(r ( 'rnt iaradc. ( >ia‘ Ihd'litT k thr anio*int r**! lasit 
Tripho'd to h(‘at oiu* ponn'l v * iLdit of wadi i t hronyii ora* di r'U'r 
Idihrrnlirit \\ lirn ihr unit <*! v. iahl is i la Kiloyiani and tln' 
(V‘ntiriad<‘ s(‘ajo of tiunprrat uir i- n-rd th(' nml of lii'at is 
calird llir JMlr.nrain-‘'al<*>rir. 

12. Specific Heat. Thr ;d*ov«' dihlntlioii.- havr all txHai 

(\\ ])](*, ss('(l in the' trcni'- oi Inaitnia \(.dri Ik ina lla* most 

ronvrniiMit standard suhstan r to s^'li.i, ami havanir. as it 
happrns. a, ^O'ratrr <‘.>par-ity foi’ hrat {li.ui an\ othrr known 
liijind ddnis om* pon>id caionr will iira.t onr poimd ol watrr 
thronrli onr (h'uo'i'r ( 'rn^ i,L;rad(‘. h'A P wouM h('at om pound 
of jnm'i'iiry throuLdi no k ss tli oi <I<'rj7H's ( 'rnt ijindr. Tin' 
sprrilir hi'at oi a sidistamr is tk a.-, thr (pia’iliyv oi heat 
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ju'cessaiy to rais(‘ one jwujul Avcighl of that substance through 
one (byiee of bmjxTaline. Tli(‘ foIlo\\'iti<!i; are tli(‘ sjXM'iiie 
heats of souk* (>f th(‘ eomnioner suhstauees - 

Water . 1 •IKK) 

Mereurv ....... O-Olb'J 

Rrass 0-()t)0 

Cast Inri . . . . . . . 0'12 

Lead n'n:50 

Class O-l!) 

Air 

Tims n-0.'}(l pound ealoi’i(‘ aic uredod io beat onopomul of*l('a.d 
tli!‘oUii;b on(‘ d(yi'('(‘ Ceutiijrade, (U* ()-0!Io R.rh.U. lo lu'at it 
tln’ou^h r)ne de^iee EalinuilK'jl . 

13. Specific Heats of Gases. In llu* study ol tlu- hi'liavinur 
of a peiieet fj:a^ it is usual to a>sunie that tli(' speeil!<‘ hrat 
is in(k‘p('ndent ot the pr(‘Hsun‘ and teniperat iins in K'al 
LCises this iv joiind to h(‘ onl\ approxiniatol v ('(»rre(‘t. viiaa* lh(‘ 
specific heat, though p?-ae1 ie;^ll\ indepefK hail ol t lie pi essur(', 
does inci'(‘ase siihstant iall\ \\ it h inert a.^- nl' tenipei.it ui(' This 
is illiisi r<ited in I' in. 21 on p. b.‘b\\hei'»‘ iht' spiaatle heat of .the 
(‘\pandinp’ u.ase,-- in a yas engine is shown plotted ati.dnst tht* 
t('ij)perat uiv, When niea.airenuafl is hi inu nia<le ot flit^ 
spet'ifie heal ot a ua.s. it is possilfit' to ke(>p eilhei its volume 
or its jat'ssui'e t'onstant. d'he forme?' .•vpt'eilM' he. it i^ ealletl 
the specific heat at constant volumis .'ind is usii.illv denultd 
]>\' C^ tlu‘ latter i< flit* spt'ciVie la at .at eorot.mt pressmt' and 
is denoted by t 'The spt'cifie h'-at- at emat.int pressure 
will always Im* lar}.'er than Iho^^^t* at const, ml volume, bt^eaiise 
they^as, in t* \ pa ndinj/. expands a;jain^t the at nittsphtrie pressiii'c 
and iheK'ldi'e d(M-s work 

T 1 h‘ folltiw 1114 faille ^iv (‘s 1 he ctinslant pressuiv sj.eeitie lieaf 
figuri'S at 0 t for sonu* of the eomimmer ea^es • 


Air ... . . . 0 24 

Hydrontai . :M0 

( Wrliommoiioxide ..... 0-24 

Carbon dioxide . . . . , 20 


Tn gas ensiine work t!i(‘ simplest plan is to t.akc a W((U(. raliic 
or the sjieeitic beat o\(‘r (lit' temperature j-,ang(‘ eonsidc'nMj, 
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14. Unit of Work. As the ])iirj)()sc of ifitornal et ion 

en^inos is to h(‘a1 into woj-k it is imjioitaiil to naaisuro 
t}i(‘ work tloiit' as it is the lu'at siipphcik Work is nieasiin'd 
in foot -poiiinis, on<‘ foot-pound I lie uork don(‘ in lifting' 

one pound wei^lit tlironuti a vtat ieal lieiLdit of out' fnot . iftlu^ 
point, of application of a fona^ of I* pounds moves (In’oiiL^di a 
distance of h f(Md in tlie dirt'ction of action of the foi’ci*, ilie 
\A ork done is P ; ; ft ft dl>. 

15. Volumetric Heat. Ilithm-to specific heat has Ih'C'Ii 
( h'iined as the niimher of th(‘iina! nnit'> retpiiret] to laee one 
pound M (Muht of t lit' suh-^l aie e t hroimh one dcmta* ot f ('iiifteia- 
tuT'<‘; *!( is soni('liim‘< convenient ni lla^ case of ;^as(s to know 
t]i(' inimhei* of jitof jiotmihi n(‘C( "•''arA to raise thioii^rli I ('. 
a mas: (»f ;^as which at o <’ and at norma! atmospla'ric pres- 
sure (TtjO mm of mmcnrxj would occupy a \'<4ume of exactly 
otK rtihit' /eo/,* Thi- niimher IS called th(‘ “ A olumet ric heat 
of th(' yas t<» di^'t injjuish it fi'om the* other way of r(‘ckonin^. 
'Thus it comes t(t f‘.\a<-tl\ the same thiim \\hetluM' niti’<*^(m 
is said to ha\(' a " sju'cilic h(ait*''«of O-i’atl or a. “ volmm'trie 
lu'at ” of j:7 '2 ft Ih p(a‘ cuhic foot ‘ho coinaai s])ecitic hi nt 
int(* volumi'tiic heat it is m“cessar\ to mu!tipl_\ hy tlx' weiyht 
in pounds of one cuhic foot^of ilu' yas (at noj-mal tempeiat ur<‘ 
and pressure) and hy , Ionic's ^apiivalimt I Itlia-! ‘cnfoiindhy 
experinu-nt that for mo^t yasev, the po'diict of sp(‘cili< Jieat 
and (hmsity is a. constant 'Plx' (‘ih'ct. of this is tliat howawer 
nnadi fix' spc'cifie h(‘at tiyur(‘s jnay dilha*. the iiyur^'s for 
" voliniK'tric heat '’ are almost the same for ali yasi's. Tliis 
is a yreaf convenkmce, as it shows that- the anKumt of lieat 
Ji(‘e<*ss;i r'v t o lieat a-cvlimha full<'f yasi's. at a modca'atc' temjH'ra- 
tui*e, tliTouch any small temperature rany<\A\i]l he ahout the 
sanu‘ whatcwei’ th(‘ comjiosiiion of the yasc's may h(\ d’his 
consideration is of a.ssistancc wlxai studyiny tlu' ellect ol the 
]>resence in an (wplosivc^ chary'' of a rc's^duum cd hurnt yas(‘s 
from tlie last explosion, particularly when thc' exact ])ro- 
pen-tion of the different siihstamt's in the exhaust ]>roducts 
is unknown. 

* 'I'hc letters N 'r.r. are often added to slioW' tliat the \'ohnue is 
nice, Mired at XorinaJ Tein])cralurc and I’l't^sure. 

t 'Sec p. U. 
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16 . Effi(;iency. 'I'lu* iMtio of llir (‘Hcjoy out fiom a 
inarliiiic to tlu' (‘iu‘?y\ put into il is caiJid Hit* (fjidrtK'y of the 
liiachiiio, 4 ’Jius 


J‘]tticiotwy 


oii(My\ yiNou oil! 
0JiriL!\ suj»j)li(’(l 


A ira"^ ruiiiiK' u^uall\ yivo f)ul a 1 lIxM iank-shaflalMUiffour- 
(Ifi lis of 1 h(‘ oii(‘ru\ to tlx' ])i''|(>ii • lis (‘llicicnc^ isIlii'K'- 

foix' sa i(l to Ik' n-S(> (»r so jxa* ('(Uil . 'riii," is oa lhal 1 lu- tnral 

( 41 lci(MK‘y. lo (li.^tintiui^li it from llu* Ihnnml ('nicuiicx . m liicli 
is tli(‘ lalio of (fa- rnoj-u\ (o tlio piston to f la* 

coutaiiad in t ho furl uscil, aial lao'ly ( xotcds .’Id pm ('out^ in 
aii\ miuiiK’ 

17. Unit of Power. W’la-n a macliinr is rapahlr ol^ doiiiy" 
1 ( • 111 of xv ork i“Vor\ (o»' r».‘>0 It - Ih (\(‘l\ socolid). 

it is '>aid to lt(‘ of oiu' lioisc-pow or . oi I li 1*. 

As llio worl'v doia* in a miniitr })\ I II I' m .‘{.‘{jMiii j| Ih. 
‘'O tho woiT dono in an houi On lOJ.ooo ft -] 1 ) . <>/ l.tisn.nii. 
ft - 11 ).. which Is t horotoH' tho o«pii\ aloul ot j II.Rdmur Aiio- 
thoi' milt of po\\(M. dori\o<l fr< m (‘!((traal piartiiic is» tho 

kilowatt (or kW ) II Is* !a»-i!(a‘ thaiitla' horso-jiowoi’ and 

• 

1 HR. 0*7 Ri kW. 


18. Mechanical Equivalent of Heat. It was at ono time 

tlionwlii fhat uhoii ,» lu'al ow'yino did work it did it h\ passiny^ 
tho la'al witfiout lo,-' thiouyh tho m\on tcnipoiatuio rany(‘, 
just as tho woik doiK' liy a watiafall di'jKMids upon pa.ssiiia a 
om'tain amount oi water ihrouydi a ooitain lanyo ot 'dioad.'’ 
It is now well known that tho ipian^ity of lioal sujipli'oi] to an 
onyino is (j^rald tlian liial which oomos away from it. and that 
tho missiny part is tho amount oi lioat that has lioim (‘onvorlod 
into iiK'chanioa I work. .Joulo was tin* first to resdi/.o that lu'at 
could })0 converted into work and to measure tiu* number of 
foot'jMiunds into wiiich one lu^at unit could bo coinaalod. 
This h(‘ did by ehui’iiiny watm with paddles so as to produce 
int(*nial trietioii in tlo‘ walcj. lb* UK'asuied llu* w'oik don(‘ 
and tho liso in t(nipoi*at urc ol the water, liy this nu'ans tiu* 
meehaniea] oijuivalent ot I IL'Plj V. was determined. Many 
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lalcr and inoi-r ac<an-al(‘ nx jMaimnnls lia\n laiai in:;d(‘, and tlio 
](Mil( gi’iicrally acaM'plcd now is that 

I liTh.r. -TTsildl) 
and I j)ound-('al()ri(' I , Inn ft -D). 

19. Changes of State in a Gas or Vapour. ^taii' of a, 

oMs or va j)<)in‘ ma \ W aKiax tl ])\ Ln\ niif; licaf. to it , or l>y taking 
heat from it. 'TIk* stati* may als<» In* altcrial hy (‘omf)U‘ssion 
or (‘\ |)an^i(Hl. Any ot t proia-sscs w ill hrin^ahoiil clian^i s 
if! OIK' or moi(' of sn< li projM'rtios a> \olnm(', pivssiiri'. tc'in- 
j»rraliir(‘. int('rna] (*n(ri»\', Npocilic heat. Thrsn pi'ojK'rl i< s an^ 
rclat(‘<4 to oiu' anothrr in \arioii> \\a\s. and tla- two most 
important of thr ii'lal lon^'lipis am calk'd IJoxlc’s l^aw and 
Clmi'lc^' Law 

20. ‘Boyle’s Law. lio\k''s Law stato that if IIk' tcmpf'ia- 
liiri !)(' kept constant the YohniK' of a mass f>f pis will xaty 
invi'i'scly as iIm’ ])r('><n!‘(‘. 

hi symbols — 

hV Coi^st^int 

ifor constant tcmpi'ratiirc), 

t 

21. Charles' Law. t'liarics La\y states that it the jircssiiri' 

b(' k<‘pt con, slant {'ipial vdiimcs ot diiTi't^-nt pisc's incjcasc 
('.(juaily tor the --anu' incnsisi* in the temperat me t.so. that if 
a ^as })e lii'ati'd nndi'r con.-tant ])ressnT(‘ c!pial mer('m(‘j,ts in 
its YoliiiiH' eorivspond \cr\ elosi'ly to c<pial interval'^ of tem- 
perature. • 

22. Absolute Temperature.- It is tonml by (‘\]ieiim('nt that 

the amount by Avliicli the volume of pis I'Xjiands wlien its 
t(‘m]K'ratm(* is chaipired liy oik' (h'tM’ei' ( ’('ntip-ade (llie ])ressure 
Ix'inc constant) is i .rd^ p; (*f its volume at 0' L. Jf tins 
pi'ojiortion he ld ripiroiisly for all temperatnn s, liowi'ver low', 
it w'<niid follow' that at a. tempeiatnre of 275 di'ciX'C's hrh/tr 
nAf the volume of tlu* pis wa'uid be z( ro. ddic t('m])('ratnie 
of — 27IL r. is tlu'iX'foie (*alled the AJfSfthdr, and tem- 

])eratnres reekonial from this zero instead of 0' (A are called 
ahsoh^ic few pent hur.'i. Tims llie boiling point of water is calli'd 
either lOn (A or 57.‘L' (k (absohiti'). W hen using the Fahren- 
heit scale the number '15<1 should lie added to the ordinary 
Fahrenheit temperatures to bring them to Fahrenheit tern- 
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})C'raturcs (absoluU'). (^luirles’ Law may therefore be ex- 
presyed— 

Jf V -volume at 
and Vo--- volume at 

V -va-T: 0 

2 oi 


V« 

272 


(0 f 27:i) 




V 

T 


T, where T -absolute temperature, 
constant (for constant pressun'). 


23. Perfect Gas.- A juileel .lcis di'l'med as one which 
satieties rigorously ])oth tluse lawy. w hieh may be combua'd 

1*V 

into -- voiistaid. d’hi.- constant i.-> usuallv written R; 

T 

thus R\' KT. Most ot tjie (udinars ^mses ('omj)ly very 
elosv'ly with the ]U‘rfee1 ^a* laws, particularly at tlie teinpei'a- 
tuK's met with in internal ('ombustion (m.cines. TIu' (‘(juiwtion 

j > Y' , 

constant applii's to (unj weiedit ol ^as ; when a standard 

weight of gas (eg. 1 lb.) is eonsidcicd. thi'ii tlu’ value of R 
d(‘])ends on the nature ol the gas. 1^'or I lb. weiglit of air 
R !)<). th(' units being pounds, feet and (h'grees ( Vntigrade. 

24. To ])rov(‘ when unit weight of gas is considered that 

PV -RT d{t; -(V)T 

where R is a constant and d is tlu' valu(‘ of th(‘ meehaniital 
ecjuivalent of lu'at (“ douh' s hapiixfdent "). 

Gonsider onr, pound vriijht of gas (at Po. Vo, To) contined in 
a cylinder of exactfv one sipiarc foot in ei'oss-siadional area 
and liaving above it a piston whos(‘ weight may be neglectcal. 
Let th(' temjierat un‘ increase' to and the volume to V,, 
ke('])ing tlu^ ])r('ssur(‘ constant and eepial to Rq- 
Tlu‘ h(‘al sup})lied to the* gas 

(yTt -To) heat unity 
equivalent to diyTj— To) ft.-lb. 
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Thr (*xt('riial work tloiu* h\ tlic ua.s r \\,) * fC-lb. 

u liirh IJ{'I' , T,i) It -ll>. 

(iisiiii^ tlu' (‘(jiialioii J‘\' iri’) 

Tin'll lli(' internal (‘iK'iey remainini; in thecas must Ix' (‘ijiial 
[() llir diffc'ri'iKH' of 1 hos(* two. or 

f.lt; inriL T,.) It. -II). 

Xow .Ionic di>co\a‘r('(l c\ pcrinn'iitallx tliat tliceain in internal 
nx'iev of a depends only on IIh' initial and final lempc'ra,- 
tnres, and indep<'ndt'nt of elianui"- of jire>snre or volnnii', 
i (' . that till' al)o\< increase in inti'inal eiieroy js tlie haine as 
it I lie*L'nipei\i1 !!!(' had risen while the volniiK' ri'niain<‘d eon- 
■^tant. in winVh (ase ihi' In .it iiniN r<'({nii('<l would liavi' hei'ii 
• VtT, or in onei^y nnit" dt'pT, '1',,) li.-lh. 

^rhns fd(\, \l]r\\ 'lui dCpT,- T,) 

<»!' R V ^ d 

'This shows tint the pnleet ,<:.is law ina\ be writtt'i) 


;i loi'in which n olten <-on\*'nieni It shows aCo that for any 
^as which ohey-s the pt rieet ,i;<is l,i\' tin' spovitic heat at con- 
stant pressure Is a!v.a\ - I.ULna ! haii the -peeilie hent ’it eoiislaiit 
volinni' hy tin- same ainonnt. no matter what tin- (• npH'ratiire 
()r jin'.'.sine may In', So that if oni' spceilie In at lie Known tlie 
oth(‘r. or tin* ratio of tin- two, e in easily ho eek'ulaiid. 

25 . rhe ('({nation 

-C,) 


is tnu' for all perh'et jias^'s, lli(‘ ipiantity prc.'-.ent being unit 
weight. Jl mav hi' writti'ii 

If we tak(^ two dilleri'iit gasi's. both (du'ving the [>erli'et gaa 
law, and adpist their pressures so as t<' he ('ipiah and also their 

temperatnri's to hi' ('(pad. tin' t wo V. lines of niust 

Ihit th(' we ights of the gases being the same, 


c 


he the same. 
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Hir voliiint's must lx* inv(‘rsely jiroportiniial to tlukr 

densities. 'Unis < ’j.) density must ]:e a i-oJista lit (jnaji- 

tity for sneh uases 

'PIh' iollouin^ table slious how i'(‘al «^asi‘s a[)])i‘oxima4e to 
t his 


0.1 - 


1 

1 >. II 'll \ it'ln- 
n\< i.> All 

1 ■ 

.a 'p (7>) 

tlt'IlM 1 V 

fl. . . 

:: tun 

1 : fui; 

i 

j OIMJ'.IL' 

j n niut 

N. . , 

n lhi 

n I7:j 

j n !i7n 

n on 1 

0. . . 

nL>is 

n 1 7.7 

1 In.-, 

I (MlTU 

('(), . . 

n:!!7 

I n 171 

1 1 .7L>n 

1 

1 0 a7n 


d'he e.\ [ilan.ition why there ai'e ,ni\ dilfeienee^ at all is iMaaiuse, 
th(‘s(' Lia-.es are uot "iK'i-het ;^aM‘s ’ 'The assiinijit ion is iin- 
plii'd. ino!eo\er. th.il tlu 'jie<*!l;e he,»l is nidependent of t(“in- 
jx'i'atnre and althoULih toi- many e<d<‘nla1 ions tins is sidheiently 
neai'ly tiue, iIkmi' air (Uher". as will apjiear m a snbsiMjiient 
eliapter. in wliieli thi'' is d)\ no imains ilie ease. 

26, Ratio of Specific Heats. 'I'he ratio of tla^ two spi'eifie 
lu'at^ of a iras is an impoitaiit oma and is graKM'ally eallc'(l by 
the (d-<aL letter 7, thus 

G 

V 

Sinee d(t^^. (\) - R 



is Usually trom 1 .‘5 to 1 * 4 : and for air is «‘\aet1y l-tl. 

27. Isothermal Expansion. When a o;is expands so that 
tlu‘ t(‘m]u‘ratuie is alwa\s eon.stant Mie exjiansion is said to be 
ls()th('r)naL 

Jn symbols-- 

PV eonstani. 

This is. of eourse. P>oyI(‘'s Law. 

(4 his is ocensi(maJl\ retma’cd to as a “ hyp(‘rlK)lic (‘X])nusion 
as tli(‘ ^n*aph of the above (‘(piatiou is a hyjxTliola ) 

28. Adiabatic Expansion. Wiam a ^as (‘xjiamhs in sueli a 
W'ay that luait , as sucli, is neitJicr ;jfiveii to it nor takmi from it, 
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tlic (wpajision is said lo hv fidtahullr. Siadi an (*?v])ansi(ai, or 
eomj)n'ssion, jiiay Ik' iina^inrd as taking jjlacp in a cvlindc'r 
inadi* of a coinplidrly non-i-ojidncting maliaiak no IkmI Ix'ing 
giMirratod hy (^licanuad action nor lost hy radiation Tlic Tno!(' 
quickly an ('xpaiision or conijui's.sion takes ])lac(\ I lie inoix’ 
mairly is the a<liaf)atic Jaw followial, since there i^ a >hort('r 
tiiiH' for any transha- of lieat to taki' |»lae<'. The rapid luaiting 
of a tyi‘e-j>mnp avIicu nsial vigorously is a ianniiar phenomenon. 



Fig. 4 . — P V fliiwrjitii stiew iDL.*' (•!’ si\ 'ul>ir f.M't (it jur u.m oao 

rul>i<’ foot ((/) 1 '-oi lid (Hill ; (/,•) Adijilialic [I mjiI niorr 

than twjcn ns in (l>) n- m {a)] 


When the expansion is adiahalie the law eonneeting P and V 
for a perfect gas can he shown to be 

PV'^ constant- 

Tn h'ig. 4 is sliown the result of compressing a mass of gas 
from () en. ft. to I (ui. ft SueJi e.umpn'ssions aie ap])roxi- 
mately adialiatic* s('e curve /- wlum the piv/cess is (tarried 
out very rapidly ; and a.])})roai*h the isothermal see tairvca 
— wIuMi the eompr(‘ssion is so slow that most of the heat is 
dissi])ated during the time taken by the eomjiri'ssion. 

29. Proof. ‘’fJonh‘"s Law/' qnoti'd in paragraph li J, comes 
to this, that the gain in intei'nal e.iergydue to rise of temjiera- 
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ture imist ‘‘((ual tljc dilTcn'iici* of fiicrL^y due to laait supplied 
aud the woi'k done. 

Thus, if AH Iteal utiils are supplied lo unit \U‘igh1 of gas 
d.(V AT - J. Ali AV 

V. lien‘ AT and A\ a?‘(‘ iner(‘uuMits in t<‘ni])era1 un* an<l volume. 
If th(‘ gas is jieith(U‘ to r(a-< i\e nor to lose heat 
AH -O 


and the e(piation siinphrKS to 

d.tVA'r j R AV o. 

Now in an\ finite t ran^huuiat ion R will he eonlinually chang- 
ing, and jh(' pro(*(“-s must th(‘n‘lor»* h(' im.igined to Ix' sjilit up 
into a great nundier inlinitc'^inial steps ( ousidei A'T and 
A\’ as inlinitesiin.ll inenmiriits, and olitain llu' (apiation eon- 
nnrtuig R and \’ f>y intrgr.ition, thusi — 


d AT R.AV () 

liom pars 21 and R\ - d < (y ! )T 

th(](dore 1^A^’ 1 V AR- d C /y- 1 1 Ad' 

' (y DR.AV 

therrfoK' \\ AR 7 • 

A1‘ AV 


R ' \; 


-o 


in the limitiiiii ease 


^/R 




O, 


tlu'ntore log R--y lo^r V constant or RV' ((mstant. 

30. Temperature Changes in Adiabatic Transformations.— 

d'h(‘'*^adia];atin law io]‘ a peftVet gas is 
P\'' constant ; 

coinhine this with the ]Ka-ieet gas (apiation of 
RV- - RT 
and e!iminat(‘ R 
t Ikmi rV' * constant ; 
or V can he (diminatfd and then 

ryy 

constant. 

]>, i 

If, tlierefnre, tlie initial state of a mass of gas he knowm it. 



niAT. jjl TJIEliAlODYNAMK' CYCLES 


21 


is |M)Ssil)le 1() its !n]H'ratuto ai any point a[(< j- adiji- 

})ati(* (‘Xj)ansion oi- compicssi' -n fioni a. kJlo\^ [(‘dp'o citlu r of its 
now \'()lnnu' or of its nov\ prossnii*. 

Iloth tli(“ Jaws dis('nss<‘d in pataoraplis l 7 and :^S ar(‘ .s|,(‘('ial 
tas(‘s of tlio ji;<'n(‘i‘,d ioi'innla l*\’" consi.nl, ti lioinn (‘(piaj 
to iinily in tiu' isol lioi-inal casc^ and (•(pial lo y in tho ;:dial)ati(‘ 
('as('. In tli(‘ intciiial <Mnnl)iisl i(ni onpiia* the y^as docs not 
(‘.\pand or c'onipit ss accojdini; to citin'r oi 1 Ikm' laws pr< cisciy, 
l)ut tlu‘ (“Xpansiotis and coinpnssions do in (‘vciy case ioilow 
V(MV JK'aiiy so/z/c ]<iw oi tlii‘ i\p<‘ - ('on^laiit. wIkmc // 

lias a N'aliK' l\inL' lu'lwci'ii nnit\ atal y 

pjU(lnpJi‘. If I he L'^as dnnny a coniprc'^sion sti'oivC' incicascd 
ill pressing' fi'oin atnu'-pluaic pi-cssnrc* (o (la lb per s(|. incli 
alio\(‘ tli(' at nio'-plicrc. and li llic Icmpcratnic I ('foie coinjacs- 
■'ion W('r(‘ ll’o ( tin* tcinpei-at nrc at tJiecnd ol (onijussion 
could lu' (‘alculalcd Iroin iIk* cipiation in par. VJ>, 

•JIH 

, constant 

j ill i 

aiif] if II b(‘ 1-.‘J * • 

Ti„.„ ‘ 

(14-7 d (Id)"' { 

„ •/7H 7\" • , 7!('7 '' 

or 1 - . iiM) + J i)})/ ) ‘ ' :>!):;( 

vi4*7'^ Vii; 

or T- aso (absolute), yn; (\ 

This explains how it js fliat a pav nets hot wlion coiiipicssid 
so suddenly (hat iIkmc is little time foi' la'al to (‘s<'ape throntrli 
the walls ol th(‘ eylind('r. 

31. The Thermodynamic Laws, 'bhe lollowing are flu ^ wo 

fiindamenlal laws oi thet niodynamies 

(1) In all transformat iolis, the energy due to th(‘ fu'at units 
snppli(‘d must b(‘ balanced by the ('xtejiial woiL doiu' jilus th(‘ 
gain in intianal eneig\ due to tlu* jise in lompiraturf* 

{'2) It is im})ossibl(‘ foi an autooiatie mai hiiK', unaided b^ an>’ 
external power, to eon\ey heat frotn a ('oldia toa hotte bodv. 

The lirst (»f these laws was dis('over(d experimentally by 
Joulca It has bei'ii statnl in ])aiaiiraph and was th(*re 
interpreted in symbols. \iy. : 

d Ail d(;AT H‘AV 
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Th(' second law may be said to re])resent univeisal (‘xperieiicc 
in the working of lieat' engines. 

32. Thermal Efficiency. So far as the* first law is eoiunM'iKHl 
tlier(‘ is nothing to show why fi// the heat supplied to an engine 
should JU)t be converted into work. Ibit the elh^et of the 
second law is that only a portion of the lu'at siipplk'd can h(‘ 
converted into w'ork, and, as stated in j)ar. J(>, the ratio 

H<^d c()nv(‘rt(‘d into work 
ib‘at snp])ljed to enghu' 

is known as the tht'rnial ( Ulrlntcj/ of th(‘ (“ngine. Tiu' jicttcr 
the engine the higlun* the (‘trH'iemcy. 'rh(‘ most ellicieiit lu'at 
engine yet built lias an ('llicicmA of about 0-4. 



f 

33. Application of Graphical Methods to Thermo dynamics ; 
Pressure-Volume and Temperature-Entropy Diagiams.- I’he 
r(‘ad(‘r is ])robably familiar with grajihical inctlu^ds as apfhed 
to physical problems. In many siich cases it is cnstcmiary to 
deal with thice phy-hal fpiantitics: two of these are plotted 
along the axes ol co-ordinate and lh(‘ rehition betweam them 
(‘xhibit(‘d by the graph, while* the third is involved in the area 
contained betweem th(‘ curve and one* of the axes. 

If })ressure (lb. per s((. ft.) lx* plot teal along eine* axis and 
volume (cu. ft.) along the* e)theT, as shown in Eig. a, the* area 
between the curve and the* X axis, he>un(le_*d })y the ordinates 
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at V ---- V,) niK.l - - Vi, will lAxc 11. <' cxU rtuil wnrk dni c (ft.- 
11).) when IIh‘ volunu^ of I lie iiw'ir;i-(.s lidin \'„ tn 

Pfdoj. Ar'(‘a (li ^ha«l('(l >trip l\ AW U rk doiu' 

1)V j)T('ssiin' in inrraasiiii; vohmu* Ia A\ . 'Tla m ton' total 
\v(ak dona A'T. A\’ ioi‘ all sia-h .^tiip^ o v in cakaihis nota- 
tion, I Pa/V) i,- tlio af(‘a nndf i lla^ cnrvo. 

It is |)fin(‘i|)l(‘ that laialiks tla* \\<rk doin' hy an ('nsiiiu' 
to 1)0 calonkitul Iroin an indKator <liavi-ain .^iiowin-.c tlio prcs- 
surt's ajid volnna's ol tla* working nudiiiin 

In oMK' proliioin^, iowovia*, it. < . oiv cnit'id to l)a\(' Iko 
I >(!»:// u)'(' ,''l!(i\\n along tlio ^ a\ia. <md tho area imdi'i’ tlii' 



curve to sIua^, not wcik don(\ kut lu'at units siijipliul to th(‘ 
gas. Ti'c (pK'^tion cj'Im's, vliat. in tkis caso, is to l>c plotted 
along till' X axis ^ dlie^an-wir to tin,- 'pu'stion is (had (ii(‘ 
(juaidity to Ix' plotted along IIk' X axis is lah oia' like* jiressiiM' 
and volume with which iietpiaiidanee ha.s .tht.ah l)<en made, 
but a new one, and one wliio.i cannot tu' measno'd diieothx 
Th(' iroiu' given to it is cidraj.y. It not ])o,ssih](' to oiv(> ,i 
siin])!e seientiti<‘ dehnition oi'entroj)\, nor is it lu'vvr^iwy to do 
jso. |(. R obviously some propeity oi tla* stale of a gas whicli 
dcdenniiK'S tlu' eoniu'xion hetw'oeii li' e* ol tempu'ature and 
increase of heat units. It' we kee]» in mind Ike giaphif'al in- 
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terjm^tcilion as OApJaiiK'd abovp. it is iunic‘oossarv to cxjuess 
i(l(‘a. of (‘iitropy in any forin.d (U^tinit ion * In V\^. (1 such 
agra[)h is giMui. Th(‘ an^a nndc'r 1 Ik* ciirxay and l;sing lu'lvvcani 
tluM)rdinat(‘s at 7,, and 7 ,, mcasuivs t iKMinndK'i* ot lical units 
sup]>li<‘d to the gas lH*t\M‘i‘n tlu* tcinptMal iircs and 

('^itlrnbfiion (falling the (‘ntro]i\ 7. the ai('a of the .*'had(’d 
stii]) --T A7, hut this hy (h'linition i.-> ccpial to AH, 
tlK‘l(“|nl‘(* 'F. A 7 AH 
, AH 

or A, 


From this formula tlu* actiial \<du('(»i 1 Ik* (uil ro})y in a riiass of 
gas ca.n Ik* calculated, 

34. Unit ol Entropy. If tin* ar<M mate !■ tlic cujac jii FiL*" ti 
were IhOO pouiKhcahu ic-^ a?id thi* ti'inpcjal uiv liad icmaiin‘d 
constant <it ooo ( (<d^s'»lu 1 c), <*• u ic->pc.iidin^ to an lu*i mal 
expansion, tie ('ur\'c would ha\(' hccii Hat. ic a straight line 
parallel to the axis ol chti\)p\ . and it is clcai that 1 h<' rliftci'cncc 
( ■ ■ V2) ^^ouM ha\( had to Ik two unit' 0} entr* pA in u ngth, 
so that 

2 '' r>oo - - |0o(i pciMul caloiii's. 

One unit of cntiopy would thcr< h. th** amnuni o] im r<'asc 
in ontrojiy due to t h<* ren'pt mi, <-!' a lurnd.^'i ,,1 heat 'ii.iN rtpial 
in amount to th« ah-eiu((‘ tcuijiM’alure at uliieh tl.r hvait 
recei\cil, and this unit ol e.fth p\ i,v .'•aliid ) o/y,/ 

The tciu[ier, d un* \alucs nod in eiiir,,j,v ( a Iciilat inns must 
(fheay^i he ahsnlutt* J he imj of la mi' n} Imupcral uo'-eiitropo' 
gra})hs ii(‘s clih-lly in then a pph-a tmns to iaitiiminal and 
calia])atie t fundoi mat ituis • • 

(1) In isothermal t ranslot mati<>ns the ten:p(‘rad urt- is (am- 

stant, so that the giaph will he a straight hm* para|]<-l 
to the entropy ,a\is 

( 2 ) fn adiahatic transformations no heat units ar(* Lmined or 

lost . so t liat t he cut ropy remaiii'' c in: lant and tlie LO’aph 
will h(‘ a stiaiuht liiu junn !m 1 t o I la tMupeiai axis. 

* Keadf r,-. d. tu ;i, fu])( r id. a nf M lropy aiv r< fern d to 

Professor (alhudiu's .iddo-A to iIk I’lo'!. d f,f \\hj<di an 

abstrart is yi\'! ii «)n p. 1)7 of AaOoi ha Man ii 1 (i, IJUi. 
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This mraiis that any clos^^d ciiviiit ina(h‘ np of snc(rss*ive iso- 
th(‘rinaJ and adiabatic (‘oinpiVhMon'^ and cxpansiori.s will ]ia\o 
a ^n‘a[)li compost'd ('xchisivt'Iy ot sjraioht lint's at riulit aiiult s 
it) ont' allot lit'i'. Ilt'nct' tin* aiva can ])t' vi'i-y t'asily nu'asinvt], 
and the amoinit of heat Mippliotl ht- ivadily dctcrinint'd. 

35. PV and T7 Diamms Compared, 'hhe follow ina- state- 

ments lit'lp m ni('mt>nzmi.|hert'lationdiipsh('iw(cntht'sctwo -- 

(1) Armnjr Jnnr {fh ) , (//.)- v',nh dofir (// - 

/5.), or. wliat comes to tlit* saint' tliin;^, urcHujt j/nssh/r 
(//). per .s7/. j(.) . nthfnir nunjv not, //.) - wnrh' done 

{2} flrr/er/t Inn pvrnt nre {(th.nd nt( ) > enlntpii rn mje [nnik..] - 
h((i( o/td,s‘. -the latter ht'in^r ,>,t iprpj^ 



acct.rdmu as the tcmjit'ralnre (ahsohit(') has Ium'Ii mt'asurtd m 
lilt' (V'ldi^iade or Falinmlieit scales. 

36. Areas of Closed Cycles. Afii-r anx ith al » yie t.i t.pt'ra- 

tioiis, wlitm the uas returns tt> its initial state, both the JA’ and 
Tt/' tliaerams will ht' elost'd tiiunirt's . in this cast' thf' nt't work 
dtme fin the lA tliauram) anti the nt't lit'at units tahtii (in 
tht' Tt/ tlia<^ram) will ht' pveii hy the area of these closed 
ti^^nres. 

Thus the FA" and dA/’ curves shown in Fm. 7 are these tif the 
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‘’Olio” (lyclc on which most modern gas (aigines work, and 
they will l)<‘ ivh'ncd to at gi'catcn- Icngih in this hook. 

'rh(' aic'a imd('r th(‘ ciirv(‘ TiT^: heal iinils I’C'eeivtd. 

'The a?<M imder tlu' euj'vi' M’/L, - lieal units i<’j(cl((h 
Thus 1 li(‘ ai'('a contaiiK'd within tli(' olosed ligm(‘ dVh 1 1 /L 
ui\(s the mimber of lu^at nnils which an* eonvcaled ifdo work 
])y the engine, li lliis l)c mnltiplittl 1)\ th(‘ nunaMieal \ahie 
oj‘ d, it will give t h(‘ sam(‘ j(‘Mdt as w ould ht‘ ublaincd by measiir- 
ni'i the area ot the lignie EolGlklV 



E ^ F 

Fio. 8. 


Th(' PV and 1 ' 7 diagrams lh<‘refoi'e ]ia\<' this in emrimon, 
that the area of liie e]o^('^| figures , in each, coin ^ponding to 
a given c\ele of optaations. will give 11 k‘ wnrk dont'. Th(‘ 
thermal efhcieney can ]k‘ obtained very simply from the T 7 
diagram since* 

, u' • ivr,T;r, 

Ihermal ellicK nev - . 

ar(‘<i nndm' liK 

In I'ig. S is shown a very simph* (‘id ropy diagram for one 
pound of gas Th(‘ gas start.■^ at the point A ; th(' tempiauture 
is then ine. eased to the point li, whilst the entropy remains 



cuAV. u] THERMODYNAMIC (’VOLES 


Cinislanl — an a(lia]>ati<* ooinprossirai : tluai 11h‘ ^as has iis 
tcanjX'Tat iiR‘ kt'pi constanf from l>1.o(’, wliiKt the uas naoivos 
h('a1 aiul i h(‘ (Mil ropy incroasi'^- an isollurn al (axpan.^ion ; Hkmi 
from (o Dth('_iias (‘xjiands adiahat K'ally a^‘ Ihc (Miliop\' is 
constant and .t he tcmp(M‘at nr(‘ falls to I), tluMi from DtoA 
t h(‘ t(Mn]KMat lU'C riMiudns steady, whilst th(‘ <:as ynvt's n[) its 
h(‘a.1< and I lu' (Mitrojiv dimini^h(‘s from D to A, m» lirinynni!: the 
gas l)a(‘k to it> oiiginal .stale, and read\ to g,* through the 
(\vel(‘ again. Tlii'^ is th(‘ wc'll-know n Carnot Cycle, which is 
so oft(Mi shown on the* RV' diagram, Imt is so miK'h iik/K 
(‘asiljv' nndtM'stood on th(‘ Tg diagram 

arm Ali(d) Ali 

In this ca.s(' t.hmina! (MiaMmev 

anal KICK KL 

m 

max. t(Mn]i. ol cycle - min t(Mnj> ol do. 
ma.x. tmnjKMMt lire ol c\clc 

xvhicdi is the cnstomai\ exprcs'^ioii ioi‘ tiu rllicimicN of the 
(’arnot Oyhx 'Phi^ is .in in^tanc(‘ ol how sinifik' tla' use 
ot th(‘ T 7 diagram !nalv(‘s snch*(*al(Mii<it ions. 

37. In this last named tignn* all tla- lines wire parall(‘l !o 
ommn (»th( r ot tin* .ixe^, 'J'his was Immciisc' an ideal e\el(' 
of tlie siinjihst eaduie Wiis being follow (-d. In Jdi:. t) th(‘ 
sloping lines Al'. and LK luu-e been drawn at loe !oj!i \\'hat 
changes of state Would they r(‘p«es(Mit '' 

ddie line AR shows an incM'ease of l.oth entrojR and t(Mn- 
[leratnre, bolli of them iiKM’easjig at about .01 e<jii;d late. 
So that heat is Ixing giviMi to th(‘ gas. and th<‘ 1 enijMMat me 
is iiuMX'asing meanwhile. '.Phis is giMKMally similar to what 
got's on during e.xph^sion in a gas laigine eylimh j\ as tla* gas 
takes in laait fi'om th(‘ elTeet of elaniiral eondiination. and 
till* tmnpiM'at lire rise‘< wlnle it dois so. Having arriveil at 
the jioint I> tlie gas now follows tht‘ linc^ IU \ during which 
the gas e.ont inu(‘s to la hi* in Ik at and t he t cm pin at ure d('(M‘eas(‘.s 
This is wLat would oeem-, (.n a, h'ssiM- seaka in a gas iMigine 
cylindtM' wcM’e th(‘ combustion of tlie gas to (mntinut' right 
through the woiking strok(‘ instiaid of miding al thr [loint 
of liigliest 1(Mnp(M’ature, as it is no-w g( mM’ally beliiwi'd to do. 
TIkmi to get the gas back to its original stat(‘ th(‘ line tb\ is 
followed, and during it the gas gives out its heat at- a mx'irly 
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stojidy i.e. alninsl an isotluTinal c;oin])ressi()n. 

No j^as wojJvs exact ]y on lliis cycl(‘. whicli was one 

drawn at random to show liow any cycl(‘ wliatso(‘vcr (*an ho 
\(‘rv (‘asily and r(‘adily >tndi(‘d l»y (la* use of the T 7 diagram. 
It is o])\ious ficMu t lu‘ diai^rain that 1 la* (‘flicii'ncy ol this 
triangular c'U'lt* would la* a low oiu* as the ai“(‘a is Muall having 
regard to tia* ((MiijH'ralun* variation re])r(‘s(*nted. 



Gas engine* indicator diagfanis an* oft(*n turned into T (p 
diagrams, hut it is ia*c*(*ssaiy that c(*i-(ain precautions shonhl 
be taken ifi doing so. The difticulty lies in tla* fact that lla? 
woT'king Iluid do(*s not remain in tla* cy]iiah*r foi* a numh('r of 
eych'S, ])ut is ])eiiodically diM-hargcd to exhaust, and a fresh 
charge brought in. Tla* cye’le can, howevc'j*, lx* ti’(*at(*d as a 
continuous oia* if tla* (‘xhaust gas(‘s are considercel to have* 
their r(*lativ(*ly liigh temp(*rat urt* aial pressure* redia*(‘d to 
those* of the* iiu-oming e*harge*. tla* volume* he*ing ke'jet e*onstant. 
In an Appenelix to ate fnslitutie)!! e>f t'ivil Kngini‘e*rs re*])ort * 
f^iptain Sanke*y lias sheiwn a nmnhe*r of i*V and T 7 diagrams 
for tlie same gas e*ngine e*ye']e‘s, anel by tlie permission ejf 


* I. (' E. Etoc., Vul. 1(12 
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ft lins ()c(Mi drawn to slanv thn lo^s of (uait to tli<‘ waJIs and 
]*iston dnrin;^ tli(‘ iK'iiinnifJij, of cxpaih'^ion. and tlu‘ stil)SO(jnrnt 
How of boat in the r(‘V(‘rM‘ direction dmiiiL^ tlu' latt(‘r part of 
tlu'str-oki\* this elfiMd dyini: away agaiji at the very (aid of 
tlie .stidk(\ possihjy on aeeonnt of tlw' slow motion of th(^ 
piston at that point, which would allow lh(' walls a greater 
amount oi tinw' in which to part with their h('at. 

Befoid dealing with the (d'(iei(aieies of tla* various cycles 
of W(‘rkiiig it is n(‘<T.-,>aiy to say sonu'lhing ahoiit th(‘ work- 
ing medinm. 'TIh^ ga'^(MMl^ mi\tnr(‘ tlait entci>^ a gas (aigine 
(foj' (mI or petrol (aigine> the sanu' con>id( rat ions a)»])ly) is 
ll^nalIy air and tht‘ r(\d gas, and i'vvw when the pro»,ioriion 
of air is not ipiite so high a^ lhi>. h\ lar tin' givatei' pai't of tli(‘ 
mi\tiir(' i.> .dimply air. .\ir i> in tael tla* working snhstanctg 
and giise>. oiW and p(‘trol> an* iimmI iiuaels to jmi^c it"' tem))(‘ra- 
tiiri' to tin' point ri'ipnicd 1<» carry out i1k' pr(‘d('t('rmi!U'd 
cv'le ot operation, So that altlioniih tlu‘ tlnfmal constants 
are giV(Mi not only lor aii hnl .iKo for nt iier gases, ('tc , it must 
he r(‘m<'mh(M’ed that air is*Ml^ most important fac|(»r, and that' 
inasmuch as air i nitroocii, it is th(" latter si.is which is most 
coneei'iK'd, h( 0 \('V(‘r p.isvi\('l\ in the working ot intf'rnal 
comhustion eiignii's 'khe following tahje shows th(’ composi- 
tion of i!i(' fuel nasi's chieH\ iy usc. and their appro\imat(^ 
eahirilie valiu's. 

’ , • i> I I't'* ’ l•'unl.ll 1 ('i>ls( a)von 
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38. Ideal Standard Cycles. 

K\(ry one who is 

a (up tain tod 


* It woiilH h )V<‘ 1)(‘< a itior.' jccar.itr to li.ns sluwvn a continuous 
loss of h at hy tli-' ga t - srr, p.ir. .1!) 
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with steam knows llial tlu‘ ^tandaids of compaiiM)!! 

ai'(‘ Uu‘ ('larnol (Vde .md I he [{ankim* (’\cl<\ iliat is io sa\, 
tIu‘S(‘ two id(‘al eyek's ot operation are tlie standards hv wliieli 
aetuaj (‘iiiiines are best jndmMl. It would Ik* unfair to com- 
plain of any <ai,Liin(‘ which ^<iv(‘ a th(‘rmal (‘liici('nc\ of 
0-1^7 when that ideally possible tor the tcanperat ures emj)loy('d 
was only (i-30, iiahaal such an enuint' mn'^1 bi' irr(‘all\’ superior 
(o any yi'i eon-.t ruettal and altlioiiLdi 27 p(‘r eenl. elheiiaics' 
do(‘s, it is true. iiK'an that 73 p(‘i e(Mil. ol theener‘ij:\ is wa>l('d, 

■27 

set in r(‘ali1\ thi' engine is a \ aaw o<mk 1 one as it vields 

• 30 ’ 

i IM) p(M (‘(*111 of what is ide.illy possibha It this tieuit' ol 
!)t) [)er eent which should reall\ b(‘ lookial to. The tioijr(‘ 
(»f 0-37 iriv(‘S litik' miormation but the fdure of IMI per 
eent shows at once that unk^s^ th(‘ mannei of woikinii b(‘ 
al1on(‘lh(‘r (liaiiL’ed then' is oiil\ bl per e(‘nt. k it to impiine 
upon. In a stea m enirim' t h<' endea voui’ is t<d '’(‘p t Lu' linik'r 
hot and so jUYwaait t he '■oiKkais.ition wliieh eaus<‘s t Ik* etlieii'iiev 
to fall Ih'Iow its possible k vel. ‘iiaa i>as ('niiiiK*, on the (con- 
trary, tie* ('!idea\'oiii 1 - to e<io| t I k* e.\ lind(*i to k«‘ep the ens^ine 
from* jam 111 iiiii; and otla'rwisi* workmiz bad)\. t'k'arly th(‘re 
is h(‘re a inai‘k(‘d diiror(‘nei‘,in opi'ration. and <'/>rr('spoi!dinjj;iy 
it becomes t)ee(‘ss,.r\ to d(‘\ i (* ik'W' standards <>i ' atijiarisOJi 
suitalde to tla* workiui* ot i^as en^Lu'iK's. 

ddieiv aiv Three Ideal Standard Cycles, vj/.. — 

1. TIk* constant temp(“i\d me tyt)0. 

2. The constant p?(*ssur(* type. 

3. The constant volume tyjie. 

Each of these has ))(*en invest i^rited ]>y a rommiltee ap- 
})oini(*d by t Ik* Institution of Civil kai^^ineers. and as it is 
desirable to avoid a maltijilieity ol nu'tliods of dealin<z with 
the same thini^. the author aid follow geiH'ralh tlu* proet'dunc 
they r(Hiomm(*nd. 

39. The Constant Temperature Type- Tn an onydne of 
this tvp-(‘, all I Ik* Ix'at is taken in at the Iii^IksI (rnt /u }(f(nrc 
and tf/J is ait(*rwards reje('t((i at tin* knvest This 

is what has been defin(*d a]){»V(‘ as Carnot Cyek*, and it can 
be prov('d that for the sun'e tmupejafure limits no po,^si})Ie 
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tj’catnu'iit of a la^at can ,uiv(‘ a, ('nicioiu'V tlaui 

is theorc'tically ohtainahU* in this way. 'l'h(‘ (lia^^^a^^^ in 


show at onc(‘ tlial tla* (‘Hioienov is 


' ttlii ro T, K the 

T, 

hi^lK'st t('in|M‘rat uiv and I'o thr lo\^<'^t, l)oth ol ooniso 
being nn'koiu'd fi’oin tlu' a])soiiit(‘ /(‘ro oi ItanjX'rat »ne. I 
is al\va\'s used in thi.s hook to moan tom jX'iat ni’t' al)soliit(‘, 
and 0 to nu'an 1('in)ieratnn‘ a.-‘ read on a tlK'i’nionu toi’. A 1 \ 
(I ia grain i> also shown and an\ nm* ao(jnaint< d w it li tho woi long 
(f sT(\‘nn or oas (‘nirinos would reoognize lhal ioi’ an\ gi\<n 


h [>. the eylind('r would r(‘(|nii'o to ))e exeeodingly kiigo^ 


and 



eostly, so that tla* extra economy in tlie matter o) In 1 
brought a})out by its liiirli ofhoionoy would Ik* nioio than 
eountorbalancH d }>y the inoonvonienei' of the si/e of tla* 
engim* and by tin* extni annual outlay n('ees>ary tf) pro- 
vide' for intenst and depreciation on the (uihaneed (*a])ital 
cost . 

X<f gas engine work'^ on this oAile or index'd tin anything 
very lilie it. It is not , 1heretf)re, (patteal taairly so often in 
gas (‘ngine work as in stiaim engine juae-tiee.. 



CHAP. 11] TJJEI^M()f)VNAMl(‘ 


33 


40. The Constant Pressure Type. In Iln.s iyyv nf (‘n^ino all 

IIk^ luait IS r(M‘(uv(‘(] at tln‘ hi,p}i'‘,'>( and i(‘j{'c(('d at. 

tllC lowest. jH I'f . 

Try and PV diai^i'ani,-- ar(‘ slp)\\n tor this eyele in Fig 12. 




Flu 1 j:. 


The hoat n'((‘ivid per ih. of ii; 
and that irjcclod is 

tliei'inaJ eificKMa'v ^ ^ 


as in this ea^e is (T^ - Tj) 
To) the.t 

lak' ii jM I (‘at ie]< eted 
1 'Ml li 1 a n in 


>: 


=-1 

T, T,’ 

During the pai^^ of tin' e\!l(‘ >li(nvn hy the lines T„T| and 
T/I'a, heat is lu'ing neitlau' reeeived nor rejected hy the gas; 
tlic expansion and eoiufir'cssion niu^l thei(*l('r(‘ he culiahalic. 
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For iuliahatic , and f)y par. 30 

' 1 '. 




constant. 


Tlicrain' ' ' 

T, M-,' T.--.1',/ 

T„ T, T, T„ /l>„v ' 

Thns M 

'r, T, 'r, T, 

Flaactoic ii - 1 - ( > 

nn • r 

coinj>r<'">-ion rat m / ' p / 

Thcrcioic // I j ' 


i,/ 


Thi.^ 5 j:ivc< the \ ,diu‘ <>! lie c'licicnc) oi line c\i‘]c in 1('i'ne 
of r tin* coiiipro-stoi) ratio It an iinpoitant l.icl IImI the 
(dlicicncy is indcpciiflcnt '»[ lia' tc;u] nat inos and piC''''Urcs 
attained, and depiaaF onl_\ on the ratio oj ron)p:(''-.'ion It 
b'hous that lor InL'li elhou'iu a ■' the eonutie- sioo niU't he Inyh, 
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Tlu'. r>r.i\l(i7i ami n')j>t<'a<‘}j ino.M !ioarI\ k) tins 

cyck'. 

41. The Constant Volume Type. In (his (yju* all the 

is n‘(*ejv(‘(I at conslanf Nnimiic and n'jcclnd also at (‘(instant, 
volunu*. d'lK'so t\\(> \(il!niKV'v an' tlu' volnnu* at lunilion and 
tlin Yohnnr at c\l!aii<( 'riii,^ cu h* may ;dM» i)i> ral!(‘d 1 lu' 
< )1 to OT ik'an dc Rocha.,- t \ v he and it is t he one' on w Inch |»fa(‘- 
tically all modern <j_as ('n.i^ines \\('rh or attempt (o \\oil«:. 1die 
diatirams in I'il" !3 ^dlo^\ tiu* \\(Mki!tiT of the ('\eh‘. 

TIh' (dli' icmey m calculated in th(‘ ^‘!m*■ matuu'?' as the pn'- 
\ ion-fc one. heat tak('n m {'\\ 'I’jlt', and heat iej(‘et('d 
- vdneh it follows that 

M/r • < 

|oi! \ ‘ ‘ 

• ' Cr. 'lAr,, 

.p .p d\iT, 


i 



Tia'Ti as Ik'Ioic 


Tlteiefmx' 


'I . 


.a-„y 


'r, 



>- 1 


And this it w ill Ik* noted i- exactly I Ik* same expression as 
])efoi‘(‘. liukaMh the Carnot t'ule eaii also have its eKicieney 
expiCsscd in (‘xactly {h(‘ same way, hnt it- must h<‘ rfmKonlx'ivd 
that althon;^h the (‘il'iclt'ney of adl tln-ee ( vch's dcja-nds upon 
tlu‘ (h‘yi('e of l ompix'Ssion and A\ould h(‘ (Ih*, sana* in all wme 
tin* eomjn'cssion ratios th(‘ same, yet (la* t(‘mperat nn* raim('s 
wimld be very different, and it would l)e found that the Carimt. 
Cyel(‘ gave the h'a-t range of renipo ature for any givam elli- 
eioiK^y. The discovery -hat for the same compression ratios 
the san'e (‘fli.-ieney holds goocl for (‘aeh <»f tla'st* thr('e ey( h's is 
attribut^'d to Professors I'/nvin and Callendar. 

In vknv of the sinijilieity of this result it is lad ditlieult to 
understand that the Cuniniittce ox the Jnstitution of Civil 
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Kii^iiuvrs. io into Hit* niMti(*r\ should have 

s('lo(*t('d for use as the Ix'st e\|n'(*ssioii for tlu* ideal el'tieicney 
file fo:m — 



Thi^ t'Xpression therefore holds the phua* in «^uis entwine work 
which in tlu* steam eni^mc is tilled by tlu* well known 


42 . d’he ri'm.iiiiih^ point to be < oU'-iih rcf] i'< the vnKic to 
to y. 'The liust'ou^ ini\tni<' which v'ork,- in i:.is < ulmiu s 
depiaifU upon whetlu'i Imhl ncj ii.i" produci*!* ijas, bla'^t furnace 
ca^ ()]• cok('-ovcn c<i^ Is beini: emplo\ ( d, and w it h nd ami jict il 
euLunes ot fu r mixture^ riccur. It w<'xidentl\ impo-siblc 1 lu'o*- 
foi*(' to Lfct a \alne tor y which will accuratt'l) •-uit all fuiirnu's. 
It niii'-l be rcmcnd>cr('d, hov>c\cr that the woi’kinc Iluid 
always consist' <‘hu i!\ of air. and it has bei'u niyeil b\ soim* 
(‘tiydnei'rs (hat. haviny regard to tlu prepondci aiu c of the 
atmo<phci‘i<' o\'\L!cn and intioLuai in all intcinai combustion 
('iiyinc'. little (U'l’oi could aimt* il it \\er<' all assumed to be air 
Tlu' “ Air Standard 'Mor ('I'ticiciu \ resulted. It assuim*sthat 
air is tlu* workiim Hind (and that the ^mali ipiantil\ of com- 
biistibk' yas is merely used to heat this air by eombimtion), 
and that y ha^ the air value of I -to, so that 


'fins c\pi‘C',sion Li’ive' foi dilh rcnt \alne- of / (he following 
tlu‘oretical ('llii icncu-' - 
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1)1 ai) to liO [)('?' ((ait. of tli(‘s(‘ (‘Hi('i(ai( i(‘s ar(‘ ii^^ually 

olitaiiKMl. and it is cU'ai’ that a com pat isoii l)(‘t\\(‘(ai jldhatait 
ciijj;iiii's can Ik‘ inaih* liv noting wliat pm’ciaita^jc oi 1h(' idi'al 
'“Iticiiaicy is (ihtaiiad. in cac'h (mm‘. ioi' tli»‘ (ompfcssion tatio 
at which each works A natni-ai lesnlt of tin,- ]i.'>(‘ oi citicicncy 



l'’ic 11 ( 'll! \ ^ In A\ i!tL’ lit .ll ftilitillllCll III I III <‘f IlIMt ‘ , 1 ,1 ir :M \IMIIU*< 

I' 11, . , 'I liu- t> n [iif'.i itO llu lit. it ct.tii.'nf tit I |j: oi air 
.tiitl ill - .1 It 1 It I (1 t)ii.uilit\ 'it vv.il'M \.i)niin' wlinh < tlioScUUf 

.1' tl- I III (it air ui n mjit'iMt ll I f t 


w ilh compri'ssion is lh:d taken o\ ci‘ a lony r<an'j(‘ of yt^ars lliere 
has h(‘en u (lccid('d incrt'a.M* in compn^^^ion pr< -sines It is 
indeed tliis inoienKnit winch i- , he ejh(‘t (‘aii-e ot t ik* 
advanet's that have hct'ii made in tin* h('ai e(ononi\ of ^as 
engines rinis in IS.sn j eompiisHon prcs.smt' of or ic !h. 
])(’)■ sq inch iia,- n-iial. Aow t h(' < om])i-e— ion pi’cssini' sonie- 
tinie- Loe^ np to ! 7 <> Ih. jter s(j neh when workinu witii pro- 
dneer uas ant] willi thi i heo I oil miijinc a.- hiah as .M'ti Ih p(‘r 
sq. iiieh. The etTed oi high eonqiressioii picssun s is dins- 
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trat(‘d ill jiiactico by t}K‘ follow injj;' comparative figures. It 
was found that an ('ngine * W'orking with a compression jircs- 
sure of 120 11). us(‘d 1 1 .ooo Jl.Tli.U. }ht B.ll.J\diour. wdi ' cas 
one w orking w itli a corri'Sjxmding jiicssun* of I 70 lb. used only 
0,7)00 IbTh.lk 

43 . The Council of llie Insfituiinn of Civil KiigitU'crs havi‘ 
j)(U-mitt(‘d tlu^ ri'produetion of IIk' diagrams in 1^'igs II, 12 
and 13 from Ihe Final Ib'porl f “f the Commit b'c on the Kili- 
eimuy of I ntiTnald 'ombuslion Fngiiu's. T1 k\\ aUo j)('rmilt(‘d 
llu- curve in f'ig. M to be i'(‘]noduced It xIiown the head eon- 
tfmts for 1 lb. of air. and lh(‘ a-^o<•la^ed <|uanl!ly of wati'r 
va])our. It th(‘r(dori‘ imables lh(‘ obsm-ver to a^ei'rtain at 
one(‘ th(‘ luaat eont aim'd in any wmLdit ot air at dilTereiit t('m- 
])cratur('s. TIk' al)iht_\ to do tln^ rapidh is v<'rv useful w lu n 
a heat bataiiee slii'ct is being made out for a ga'^ engine run, 
and when considering the desiL'n of \a|)(!ris(rs for gas jiro- 
dueers. 


EXAMPLES 

1. TIk* mixture iii a pel I'ol-eiuiini' evljinler at afite '^plu.ne ]>j‘( '-'^ure 
fuul \e!uiu(' I K feuiitl to Im at a 1 eiu) ure of 1 1 a ( . It o eoTit- 
pres!-('d and auiit i <1. At a ecrl am in^l a.iit t he pn • su)'e 1 .“i at nn »'plu'i e> 
and tlie voinuic 0 2.“). Find ilu* tempeiat uo'. jl> of K., 1!)10.] 

2. l)i'\' air is puinpi'd into a elo-cd \<‘ssel of eon-taut \olunie until 
till' ])resmire iie ide It is HO Ih. pei m|. lut li 1>_\ gauLfe ; I lu‘ 1 eiuju rat me 
is 00*" F, W'liat will 1 m t lie presM. re in 1 he \ <‘;-m 1 alt t'l it lia.' H'lnamed 
for a eoiisidoiahle tune m a room \\li*'re the ti mptaaiure i^ (>0 l'\ ? 

I \h ( h. Se. Tripo'', I hot; J 

.3. Fefort' eolu])r('^^lon. on a jM'trol onviijv <hagiani r - 10, y/ if) 

tempeiature — toO ( '. At a jMimt on t lu i‘\pa.nMon part ot tlir dia 
gram iier(' r 4, p lt)0. what is tlie r empeiat ur« 'i A-sunu that 
the mixture behaves as a. j»erf(el gas. |l‘>. of il., 1911.] 

4. At till' Ix-ginning of t)i(‘ eimipression part of tho diagram of a gas- 
engine e\ Under, the pn .ssure is n pn'seiited in a. det.iiiM OuU ui. and 
the \ohime h\ 3 in. Tin- iempt*ranire is known to he 120' ('. At a 
})Oiiil on tiu' (>\pansion pa.rl «if tlie dia.gram where th*' pressure is 7 in. 
;iiid tile \ohmie 0 ti in., wliat is the tem[M‘rat iio' ? 

(ik of F., 1909.1 


* Air. A. F, I'orte in /'roe. 1997 . 

j Piar., \’<tF. 1(»2 .ind Hi 3 . 
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T). Oiu' If), of air has a, voliimo of 4 cii. ft. .uid a. (U'cssurc of aO 11 ). 
|)ci‘ s(|. iJH-h ; tlu‘ (t'lnpi ra.tui'i is 127 ' ( 1 < r.-cdv.-s 27)0 ('.II Ih, ils 

voiiinic fciJiamnii; ^Vll iI I‘- its iicv. t rin|M ia( um- aiul p'vs- 

siirc 'J'lic local) .spccilic heal a,1 coo.^ta.ol xchiioc max fa- (, k< u a.s 

ilk ct ih. 

(». A I ><illo(Hi of f).<f(f0 cu. ft . < .)})a.cil \ is to he M/ fai tilled w ii 1 1 lix d e- 
eeo at a pn ^siire of joehes of Oh i‘» ur\ and \-> ( 1 h ( after a--< • t di 'c 
to a la'iLilil w liei c t lie pi'C'-sore Js 2<l inches t)f nKT'Mjix and the I < ii!| ci 
t are d' ( ' . I lit silk etix el'ipe I- I h< n lllllx dl -I eiK !e< I, iH i u’-ic- i la A 111" ht eti 
spill, tk Caleulatt' iht- mass <>1 h\dio'j<m retniio'tl and its oinmial 
^nhiMu'. 'Tilt dtiisUN (tf l.xdtoiM n i-. ‘Mio.kdlli pt r ( ti ft at normal 
Icmpi'ratnre and pn-sore I \h t h. S. , Tiipo-., 11112 | 

7 \ir at at mo-plit lie pit's me and at .‘i ti mpt lat nr. ot 70 ('. is con- 
la "i.'Tl m a e\ Imd r t.l 2 cn. M \ ohm It', cltio d h\ a |mt..n. 'I In' latt. r 
is forct'd dnw n nntil iht' air is ct.mj.M s,-ed mlt» i n It. I in.l it - i.'-iilt- 
inc ]»ic-sMrt ',lh. pt'f '-tj. mill) intI l''mp''ial m t , if i li.' compr. -,aon is 
pi I ftii mc»l 

(n) \'erN ,sln \1_\ , 

ih) \’i r\ (juickl> O.c. St) that hea.( his no tiint' to t'^caju') [a -■* 

1 1 1 ; . 

S. As amiina liiat t he ('onipJT"-->it*n cnr\ i follow, tlcckiw lA- - coii- 
.^1 a, lit I 7 I 1 ] < aieui itc the piA s.-in*' ol the "harL'" a.t t ill cndolctiim 
])!'( .s^itin, yi\en that iko pnssuit' at the hi innmn" of llie -troivc is 12 
Ih. pet s(| m< h ahs, a,n<i lli.tl tiie l")al \olumt' i-- tin' initial \oliitnt'. 

flk of K, 1!)12.1 

h. A (juantit y of a r ,»,( lem^ ter.u art' h’* (\ and jM'ess'ir.' 2.7 Ih. pi'p 
s<{. inch ah-, is a.dia 1 laiic.illx con prt'sscd to > nc half its ' ilame kind 
the t’l -1111111" pris,-.me and I -inpi r.i,l are. [Mith Sc, Tiipo... 191 l.j 

Id, ,Vir a,l hS ' k\ and <it a losj .herti pre.-'-m- h . ompi e-.,'i'd aili.iliatic- 
all\ to 4 at mos|>hcr»'s. It is i heii ct»'‘h d at const, iin \ ohnne in .i j'et'i i \ I'l* 
down to imli.i! temperature, and I Iimi .'Spandtd m a non-eoii' liict mu' 
c\ hnder to 'it inospln i ic ])n'ssnre. Find the tii"hc-i and lowi-l 
telllpelat Ul’es. 

11. Till' raiio of conipi'i -'.lon m the < \ hnder of a. I>i.'sci oil t'liuone 
is In I , ,i nd tin' 1 1 mpcia t nn of the .i.ir a.t t lie end of the - m i ion st i oke 
is 7 d' ( ’, Assiii IC that tin- ?whial laA\ of compi'es.-ion is lA - con- 
stant, what Is the tcmper.il nri' of the a-ir a.t the end of coniprc''- 
sjon ? 

12 . A \cs-el Is i'nIri iisti (i of air to a prcssm'c of 12 Ih jiei' stj. inch 

a.bs., the j.ressiirc of llu' a.t niosphert' henm la Ih. per sip in< li ah.s. 'rhe 
tcm])cra.l nri' of the w hole heme i ha.t of t he at mosphci'c d'h F. ), a. cock 
i.s opciK’il and .nr .illowcd to rush in until the ]in ssure is e. pi.i h/.cd. 
Assiimiii" th.'.l 'lo hcai i.- lost to i he walls ol tlic \cssek hnn the nsc in 
tempe '.it ui c ot the an within it. IMicli. Sc 'IVipo-,, l!>d 7 | 

Fk It a, ( jii.nit It \ of t;.i,s I'Np.nids i-othcrmally trom jirissure F,, Ih. 
per '-4. ft \ olnine cn. it-, to a, pi. ice w here (he [in ssiire .ind vohnno 
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Irr'oiuc Pj aii(i Vi rcsj)(“i-tiv<‘ly»slu'\v tiial 1 lu‘ uork (Joih> in is 

givt‘11 by 

V, 


2 :jo 2 r» l\,Voi<-kbo 


v„ 


it-ii). 


(> IMh ') 

(M-n i.in' i.cs ( Ih' ,i(li:ibHl ir 


lb.' W . H b il< Hli- b_\ 
il' b'. l '•*! }h‘ 1 lli.l! I'l >lti| H'. ■^i I'Hl. 


14. A (jiRuitity of gas the prr^Mirc (in lb. por sq. tl.l iuid 

voliiiiH' (cii. fl.i bring loniHAtrd b\ tin* lau I’V" <-<tn-1anl Tlir 
initi.d jirn.ssui’r and \u!innr lu mu I*,, and \ and llir tin.d prr-.-.ni‘(' :nid 
voluinr l‘, and \ i >b<)\\ (iial tbr work dunr l>y t hr ga.^ is 

// - i 

Show also lli.il tile nuinlx-r (>f brat nniN rr<-ri\rd b\ tli*- g.is is 

l\,V,. I’.V, a 

,1 

and bt m o slawv l liat if t hr cm \ r I'\ ’ 
rinw r pji-siim l lirough ; lir p. .im ■ 1',,. \ .,i 1 hr lM' inml in n |t rt iml’ li* at 
IT). A pound of ,nr al .it ’ii'.-phr! n p|. >-i;''r and .it ja < )- lo b* 

r( anprr-'srd adi ibat. .dl\ lo 1 <• a.i nio--plM f* 
th(' |Hinip, '1 hr >.inir rr.-nll o ariu 
roiihng t 1 h’ an -o ; ha.t il kr. p-^ .ii 2n ( ’ . and \\ la n t hr pi t ^ ^ no r. aria - 
10 atino'-phrn it k laai.*! al <'..n-i;iMi pn^-ur.. 'I'.-b. liir -pn ilir 
brats of an . 1 -- tt L'llS .tnd <1 I n'l I Sial. s- par.m !\ ila woi'k i-inr iijion 
and b\ tla‘ air, .lad lla* la it t.ik^ n li.'in iii<l Lh\i n I" tl, dl in Jl -lb 
Ilk A rartndijr ronl.tnnim 1 !h <a an ..i I hiMi !b pn ~,(j. m h 'L'anirr 
pri ssiiri ) and la I', is pkn-. d in the rlianibri <a .t ;^un briund a IiliIiI 
i’nrtionlrs". j/i'>(on III png I hr boi, ..1 ;,hr run. 'I hr r:;rl)idj. I'-pn- 
for.itrd and Ila pinion jii-'i ii a.rju ■ i^hr nat/zk ot i hr r,it,. ralriilan 
thr linaJ Innprfiilmr <.l ila an and ila \ohina ot l!a gun on I hr 
as>uniplion that ila air ;ib-^(.il)s no h. .il Irom I h( wads of t ht gun 
[ Atniosphrllr prr-sun -- 117 lb prl -.(j ilirh i 

iM.di Sr. 'Inpo^. l(Ml> | 

17. A torjtrdo air-rli.inibri < onniiU' nut iall\ 0 lb. ot an al a prr-'-urr 
of i,700 lb. ])ri stj. inch :d>'^. and 1.7 (' . ,nid at ila end oi thr run I hr 
pirs.-un is .7nn lb. prr s<| inch .md i h ■ irnip-^i.M urr 2 t I low unit h 
..fthrhr.n of thr an w ha li i.-' Irli in I la- < hantl>ri ha.-, br* n a b^1 rari rd 
from thr scii ? , • | Mr< h S( . krapos, 1011.1 

jS. Duj'ing Ila inilation of ji bidloon wilh hsdrogrn, ila no rlopi* 
liri'aks as\ii\ wl'.rnonly 'full. It riM-s m t hr a,ir so ( juirki \ i ha.l thrrr 
is no tinir for 1 < at to nnor («r r^api' ihrourh t la mxrlopr ^\'lRlt 
Mill br thr t rniju r.it uir of thr hyirogrn b\ thr tma- it has i \j>.nalrd 
so as to iill roinpirtrl\ t la- ji.dlooii. and wlail will hr tlir baroinrtrir 
bright of thr aititudr a,t which tlm 

'rmipnatiirr ot jj, ou gr«tmal tiO 

Ikiroiia t rir la ight on giound .‘Jh na-hrs ol lurmiry. 

Sprrilir hra.t at <on-.lan1 |»i’<'^surr c.f II 2 !JS. 

Spt'rilir beat al i oir I mt \ohiinr o| 11 2 llS. 
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h), A culiic foot of iur n,t at iintsplicru' prc-siin' is cotuprossc'd to 5 
aliuosphorcs ii.('(*«(rdui^ to ih<' law J’V' - i-oii-tjuit. Juitia! u-nijjera- 
tun* r»0“’ F. 

Find 

(i) Work doru- dunnir oomjfnrsion. 
fii) ll<,iT rt‘c(‘i\'(*d or n joctcd 
fit)) i ('iiip( ral lire a.ud volmuo. 

20, Out' jiouud of air n .n 2 at uio.^jiiicros and at a t ciiiporatuiv of 
20 (\ Ilow iiiiiiiy cu tt. dots It till ■' 1 1 ('s lirat tiici'fjfy < (|ui\'a- 

h'lit to J(Mt,0(>0 its \oluiiu' romainiiin; ((instant. I'ind tho new 

trinpciatun- and pn s,siuc. The juran spccilir Iw'.it ai (‘<aistant \ohiino 
of lli(' air may ho t.dvt n as 17. 

21 Litjunl fiiol i" lairnt in tta* air .supj>t\ of a oomprosst'd air cii^^ino 
in tla- proportion ot J lf>. of fuel to lOu |h. ot air, and the airaimcmcnts 
an su(‘l{ t ha t { la j »ri ssun* 's k(*pt oomtant Assununij: I liat the oak »ntir 
valia ot t ia‘ I a [Old f sa 1 n 20 (MiO i h'i'h 1 ,s par ih. and l hat tlio sj as ‘it in 
la at .It (omtani j>r(“---un oi jtr'idiats of (‘((mlai.-vt a-n n lla- sjuno as 
t hat of .iir, \ r/, , 2.‘hs, wliat v\il!h( i he i tn.porat uif «(f t la- ia-at t'd ‘ air ’ 
<‘nti'i!ii^ the (whiiia r, it tlu* n-n.pt rat ura of ^.ur and fia i hrforo ooni' 
lui,''t a HI \^ as (iO !'■, ? 

22 Air I'xpaaals mahr a piston irom a voluna* of I on. ft. and 
pft'Ssiin ',{00 Ih pcj’scj na h ;dts. t'. \ ohma' o cu. ti . and ])rcs.snn‘. 4(t Ih, 
por s(j. na'hahs Vs^.uininu tliat t la |ff‘o.«^un' aia! voluinn xury dni'inj/ 
the oxjian.sion a< o(*rdinL' io t)i<‘ law }‘V‘' - con, -taut, jind tlic heat ah 
sorhed 111 II 'I'li.l . 

23. A yMs rnt 4 iia‘ work- wifli ;in idc;d .-iihslancf ^-f constant spccilic 
laait, rc(M\in:j .ind n f 'tiiiK hc<t1 at con, -taut \oluna' and witli adia- 
biUic coiiifa'cssion and • \p.Uision ‘J’la* pision di-phu'cna Ut ' i -tiokc 
IS J 2 cu. tt . and the c!< ai.iia c v olinia- 0 la eii. tl . <' 'nleulat e 1 la llu o- 

rel it‘ thermal rtla icnc\ ol the (‘n^niaa takinc y ,.s I ';s 

2F d'he e\(lc of opcf.dioris in a ^a.' nyua is as l(‘l!ov,s — 

(J) ( kis is (‘om])n‘,ss( <1 iroin V — 3 70 i u. It. t<» 0 0 <ai. ft. a.a'ord- 

inyf to tla law 01 5. jP hciiig th<' pn ssurc in ib. per 

sfp inch.] 

(n) ( )n cxplo'-aai, t lie pn'ssnre risc.s to 420 Ih. per .sq. inch, tla* volunu' 
nana ininy^ eon-tant. 

(lii) Fx ji.msion t. kesplai'i tiTl V ~ 3 70 oiaa more, the law lAdlowed 
heiiiy P\ ^ constant. 

{i\ ) d'he pn'ssure hills to its initial \ahit , il.e volume remaining’' 3 70. 

J)raw out the J*\" diaj.uam from th se data ind (ind llie mean 
edeeti\(' jm-i-sure in lb. per sij inch. 

2.7, A ^ifas-iaicine works on ar aleal e\ele. with adiabatic <‘omj)ression 
and expansion, r'-eeiMiiv' and rejeetiny la-.it at constant \olume. riu* 
jaston di.spkieemee^ fx'r -Irokt* is I cii. It., tlie clearance voluim- 0 2 
cu, ft., and at the bej^innina of comjiression the teiujaratiire of the 
cylinder contents is (iOO l‘\ .ibsoluie. tin' pressure beina at mospiirne. 
Th(‘ engim* recanes (t-OO eu. ft. nt gas per cv-k* te.dorilic \;iluc t‘»00 
JkTh.ll. })cr cu. ft.). At mo‘-pheri«‘ pressure 14 7 lb. per stp inch. 
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Find - 

(i) of cvlindt r contonts. 

(ii) and Inuix r.il urc nl end of rotnpro^ion [7 ~ 1 3 S]. 

(iii) IvIm' of tc'Dipi'Dil iiro dufitiu (*\[»lnhin*i j.ii-kei loss aiui 

lakt' (\ - U IS]. 

(iv) 1’n‘ssurr ut (MuI of ('vplo'-ion. 

(v) 'I'l'inprnit uix' iuid pn-^^uro at oral of (expansion. 

(\i) I'll'licH nc\ of (ho 

(vm) Fllicirnrs of ati rinj'iiH- \vorkiii>i on a (^irnot ry'-lo Ixiwoi'n tli.' 
sanK' luyluv.l and lowrst ti'iiijxa'at 

j Mi'oli. S(‘. Fnpos, I lM)(i 1 

2 (t. Tn a ya.h rnuinr liial, tii<- cncsa* <ii o^pan^n•!\ wa- l’\'' “ - - k <ind 
of owinprt ^^ion k. d’ht- rMn.iiiidi'i <if '1, lu-at ^^a^ r('((‘i\<'d 

and n‘]rot‘'d i!,t. roii-^l ant Noliini*- d'ho lnL-ho-i lod hnscst ti iijjf<'i',d\n‘rs 
'J'Jod F. atid o'Jtt h’. 'I'lu* pi lon dis’ '.o cniont \\a^ ‘jStn. ii. 
and till- ( k-aranrc 1 on ft. ; 7 — 1 d’lio initial v\a ^ atino- 

splioiio. 

Find - 

(i) Toniporat UTH's at » nd of coiMj'n'^Mon and oxj^an'^ion. 

(ii) H( at roci'ixiti anil d dniiny i <m li opii'ation. 

(ili) I'UlU i< 1M‘\' of Olljrill' . 

27 . ;\,n aii-jiiiinp \\ofkm>/ in an airship takis air diroct from t!ii' 

atrnosplicro nnIioi-i- (Ik ['rovi.4iiv is Id ll> pt-r sip mc’n. j Iu* inlrt nmIvo 
rliwos at (ho i ompk 1ii»n of (lio >uction .si lokr, and lls' prosurt llii'n 
jijst cpual to dial of die al nio-piioro. 'I'la na an pros>.iiri' in da piitii|) 
during (liosurtKai sirokojs 2 11) pirsp inch hi low dial of 1 hi .dino- 
spiu'ri'. Xi'Lrk'ct ui<.T cloaram a. and* assuminir ihat no h*',d pas-os 
Ix'Uvoon thi* r‘\ Ink lor walls a ml du‘^ \ iindoi' contonts dm my 1 hr .siuM ion 
stroko, sliow dial llu* \oIumr ')f .111 (dm I^onrd at axlrrnal (rmprral nro 
iuul prassiiri ) lakrn por .'^trokr is a 7 per ci nl im-s dian dir stj,,ko 
\olm 10 d’hr xohnnctrK' hrat of a.ir ina\ hr lakrn a,s Ida ft.-lh. jiar 
stand, ird cm ft. ’ {Mi-rh. St. Tripos, P.lCkl 

28. A siny]r--.taya i-onijiri -sur 1,., ns< d to niamlam dw {ai Miro m a 

ri'aoivrr at l.o(H) lh. prrsp mrh wlalr }»ir i.s In mti diawn trom tfio rr- 
I ri\'i'r. <’om))arr tlir wauk ilojir pi r ih. of air if dir l.iw of rompi'r^Mon 
is p)’* -- k widi dun d.»nr if thr iMiojUi'ssion i.s i-ollirnud. Spnilir 

volnmo of air at atmospheric (*mprr.itnri a.nd ]>rrssure -- 12 1 ru. ft. 

per 11). 

20, A linildmsi is to !ir hratrd hy passiny the air for xmlihUiny it 
thronyh a eompressor w liieh eompn ss( s it adiah,i.t irally , t hrn Ihroi limy 
it down to atmospheric [ircssun* on k avmy the <‘omprcssoi’. The air 
enters the eomjiressor at 0‘’ (*. and haves it at 2.7 and tin' How of 
air is 81* Hi. ])er minute. Faleulate llie power requirt d (.msmniny unit 
meelia,ni<*al eflii a neyj. 

Jf th(' power thus Usefully en)j)lo\rd costs h/. per k.w'. - lioiir, (‘oni- 
p.a.re the rosf of heatiny thus vuh that w hrn hnrnmy coal in a. sto\r, 
the iron ehimn* y of which passes thronyh the air-dnet and imparls 20 
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f)erx*('nl. of tlio lioal of coTiihiixl inn to (In* \ I'ot i'atmu; ,nr. Thi* ooi^t of 
coal is 0-lJ. ]U‘i* 11). of calortln \aluc (Ml. I . prr 11.. 

[M^ch. Sc. 'ivipo-, ton.] 

30, Air is (‘otii|)n‘S^(‘(l adi.ihal if.ill\ into a r. «• cix^-r of \ cii. it . . ap.icil y 
li> tn times tln' a.1 ino^iiliorii dcn.'-jlN. Sli(‘u iliai, it T l.c the c.tiao- 

j)hcrit' pn'ssure in Ih. |'(a s(|. It., ihe M.trk e\|»ciMlt d is 

jiitt ih. 

L ) J ■ J 

j.Mceh. Se. 'Flipo-^. loot.] 

31, Show t ha.t w’lieii a juatect pM-. is \\ ire Mr.iw n liom «»iie pr' sure 
to a lowei‘ one, wil limit a.ii\ n iiii of kiiu f h < tiere\ . t In tt mpi rat uf e i- 
iiiialti n d after c.n patisioii. 

32, J^i ail ideal diaei.un of a Ih*- el i nmiie. i h< e.m is < onipn -H'd 

ad 1.1 ha, t icf^liy from -.ohime \h to \ ,. tliiii .vpatids fioin \ohmH \^^ to 
\3j at constant pressin'c, liirther i xpaMd-- ..dia,hal a .ill\ horn to \\ 
and linalK re jielsinat a.t « mi aam \ < him. \*, t liat t he t herm.d 

clhcieiicy may he e\prt ss(m 1 as 

IS I 

,;i: i) 

V . N’v 

W'tie e / y a. 11(1 It- 




onArTER in 

Combustion and Explosion 

(’HKMK'AL COMIU’^TION l)M.All> Cl.KUk's AM» (JllON KK's ICmU V 
1‘'AI’!:1!IM1'N''IX n\’ I'Al’l (►SK>\’ IN ('loSIT* \i;-ssi;hs- lij'Si I'SSION 

oi Ui.si I TS 1 Nt'Ui: \''i' Oh Sriu'M i(' 11k,\i--oi C.\si:s I)isso( ia- 

TION ' Al 'iriMM HMN<. " LXTKIt l‘Ai'(OMoN' Ia I’l'K I I N'l’S - 
'i’lMK OI IATIOSJoN 'Ei Itm Ll'Nt K Cssi'ots 1]\J-J,0S)UNS { OM- 

Miri i:k 

44. Chemical Combustion.— TuHt.nurs cf chciuical com- 
Ijiislioii ari‘ manifold 1\\o aiiionij; t{u‘ tommoiit'sl an* tlu* 
buniin^^ of coal, and the oxidation of llu- caiiioii in food \\hit‘h 
is the source of the heat energy triven out hy (Ik* human body. 
In place e>t eoiti, it ])ON^ihI( lo hum oa,-. madt' from eiiid and 
sei olitain ciiliei- heal oi' In a ^as enyine eylmdt'i- oas 

ami ait ace mi\(‘d together and the whole ma^^ ii*nit(‘d 
at onc(‘, so that the* tmion is cxplo.vive* rselul liLOii'cs to 
re'iiienihcr are that 1 Ih of coal on h(‘i]in burnt will lilxaate* 
about 1:^ non. 000 ft. -lb of enertry, a culm* loot of coal gas 
will lib-erat* about r.AO 000 fl.-lb , I lb. oi jietroleum about 
ls.00.b<‘'’<> It lb., and 1 lb. of ]>c1rol soim^ 10.000,000 ft.db. 
These an* xerv large arnoutits, and were it possible to invent 
a heal engine of iOO ])cr cent. (‘Iticii'ncy it Is plain that a very 
iib(Tal su]>ply of cncigy would be obtainable at little cost. 
Witli existing engines I lb, of coal with pot(‘ntial cnt'igy equal 
to l:i,ou<hnoo ft -Ih. will only give in energy on the brake 
about ,‘bt>t)0,000 'trith the best .s7nem cixjhn.s and d,00(>,000 

ft - lb. with (hr b‘C'( f/iA nnjihc^^, the Avaste* energy being 0, (>00,000 
ft -Ih and s:,0(M;,noo ft -Ih resjieelively in the two eases. 

The loss of s (IOO. 000 ft.-lh. which occurs in a gas ('ngine 
is dividi'd lictwoen the loss to tlu* water in tlie cooling jacket 
and the loss wliieh oceiirs owing to the exhaust jnoducts 

44 
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InMM^ at a hi^li t('m})<‘]'at iin* aiul carrvin*: olT a laiyi’ urmtil- 
iz(‘d j>()rt ion of tlu' la^at. 'Tlir loss lo llu* cylindt'?- w alls l^ tlu' 
more dillieull to follow irj all the iiit rM-acics (4“ I lu‘ woi kinir 
evele. d’he ooolin;^ jacket is maa'ssarx .* ,is \\ il lioiil it lla' 
j)iston and cylimU'i' would uet almost red hot and the <‘n<iin(' 
would stop runnine. The t(anperat nre-llow lln'ou^^h th(‘ 
metal dep(‘nds on th(' ]>osition of th(' piston in its strok(', hut 
it is dithenlt to det(‘i'min(‘ t he pr(‘eis(“relat ion>hip 

45. If. after a charge of eav. and air has been drawn into 
a ijas eniiiiK' e\ linder the tlywluvl be held so that it cannot 
move and tlu' ehai'jfc be then ignited, a Tapid rise of pri'^siire 
is re(‘or(ted on ihe indicator. It oiitrlit. one rnrilit think, to 
b(' easy to eak ulatc^ w hat t his ri^* w f>uld la*. Nima* t he (piant it \ 
of lias and air admitted and th(*ir <'|ualit\ ai‘e easily detia- 
minable and th(‘ amount of thermal ('neri/y Ijbmated is there- 
fore known. If this amount of ( neruy 1 h‘ dividi'd by th(' 
amount of lu'at re<pur(‘d to hi'at tiu' mixtuie throu^di one 
di'UU'ee (V'lit. U is (deal' that tlie result in;j tianperature would 

• V\ 

be as''(*rtaiiH'd. and from this it would be sim|d(‘ by th(‘ kaxv 


to determine tiie r('sultine pr(‘s>ur(‘. Tin- had t>ft('n be('n 
done, but it had alw a \ s lM‘en*found that 1 Ih‘ po'-sure aetualh 
obtained was < (Illy about oneTwlf that erleiilatid Here are 
th(‘ actual ti^uri's obtained in some eAperiments (an. ed out 
many ycairs ago by Dugald Chndv - 
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Except in very ‘^inall cylinders, wdiicl, are soinotiine^ al; ceeV'd. 
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On ail avera_ui;(‘ tluai^ apjx'ars liniv 1(> Isn a loss of as much 
as ^>0 per (riil. of Ilia prc'.-Mnv. Wliy is 111 is i 

46 . ^V\(Mal explanations liav(‘ hren pnl forward to accoitnf 
for this loss. Tlio most iinportaiil ar(‘- 

1. I'in f Tlii'(>ni It is well known tha,t clKMint'al 
compounds such as !! .O or ( '< 0 dissoci.itc at hi^h tciiijit'rat iii'i's 
into simpk r j^asc- and in so dniim alisorh heat. It has tlaao- 
[ore IxMMi thouL'ht that at the hi'jh teinperat ni’(*s of ('\|)losion 
such dissociation would occni' and the heat so ahsorhed niieht 
ai'coiint foi the niis-int;' 50 pei‘ ciuit. d'his a^^iunjit ion. Iiow^-- 
(‘ver, iii \ o]\ ('s 1 Ic' deduct itui t hat tor' weak i-x plosions, in w liicli 
low pl•^‘S'^lln's and tmnperat iires wet(‘ at1aiu< d . t fu' ellcM should 
!)(' much Ics- sn that the actual jm'i'ssuo would form a. niU’h 
laruer pi'i^p' a 1 1 > ai >>l the ealcul ued piC 'airc. and thi* eon\ci'sc 
in the {'Use ef lick mi\lun^. As a claiK'c a1 the ahovc' liLOiri's 
Will show. thi< h('W(\cr is not th<' cas(‘ ; at th(‘ wi^akest 
mixture of i to i : the inis^mm pr('>sure is all pm- cent . and 
;it th<'riche-t of I to I it is ai* jau' cent , or j>ract ically t he same, 
'rih-i them'v ahm(‘ lhcr('J(a*a does not snUicc' to account for 
the ol)scrv('d f<ut' 

l!. 77m To' k'.' c' > 'This as^umo (hat th(‘ cooling 

eth‘ct of th(‘ '■) under w alls ?s ^o L^jeat t hat t he pri ssine act uaily 
obtained must fall much be^ow th(‘ idiad c.dculated. It 
docs not cNjilain, however, why tlu' loss should be always 
50 p(‘r c('nt, in the paiticular eylindi'r usi'd. nor, moreover, 
d(K*s U e\))lain why a 50 jier c(‘nt. loss is found still to occur 
evmi wdicn a eyimder of a (bnerent si/.i' and shafie is chosen. 
So that this the<aT also is iiiad^'ijuate in itsi'lf to (explain the 
obsei'ved ellcf t. 

5. 77/c Su^rifr flcal Tha^r}} I'liis is th(' tln'ory 

advanced first by MM. Mallard and Le ( ‘hat('li('r, who found 
as t h(‘ result of 1 lu'ir experiments that the spr'citie lieat of <;ases 
and partienkoly of I’t)^ appi'ar-i'd to iner('a,s(‘ (‘onsidiu'alily 
with rise of tiMUjxu’at nre. The object ion eommonl^^ alleged 
aj^ainsl tins tiuarry is that, as in th(' l)u;o Uttlon T/irory, it 
rerpiir(‘s that a gr<'at(T proportion of th(‘ idcad pn'ssiire sliould 
he obtained at lower tiuniHU'atnres Ilian at higher, and tliat 
this is not found to be the ease. 

4. 7'he Ajirr-hortiiNf/ Theory. This theory has chiefly 
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Ih'ch I'd Mitli llu' uaine of l>llL^dd Tlcik. who 

tint iho I'OMihust ion of Uk‘ ^as wa-^ not. as r.ipid as 
-iij)]K)^(‘d and that n<il all IIh' ln'al was lihcralcMl Ix'foro tin* 
nnanonl of hiulu'st po'^siiiv. Il a'^suincd in fact lhal the. 
;!as w as si ill hiii'iiiiio h >nir aft ('r ( lie |)nint (»!' ini\ininni pi cs■■^l!l•(‘ 
aii<! dial die cooliiiu (‘fU'cl of di(' w.dU laid dterefote a much 
longer lime 1o opi'rale than h nl hci'ii ^cm-rdK ^npjxtscd. 
In an aclnal ^as I'lii-ine this would mem dial t 'nr ‘jas would 
he hurnniL; iiiihl throii_L!,li IIk' woi Lin^j^ si rok<'. -md lhal it miMi, 
snimd lines happc'n that unhnnil would pa^.^s awav m tin* 
rx'han-^t. rile <i!tje(1i(in to this Ihe.'ir' h<'- in the lact that 
it ha-. 1iv\er h '-'11 ,-hown conchmiveix that t h“ < \j*lo..!).ri is 
not i‘oin])i('te at db' point of hiL'he.vi tempi I'a I t-ie. indeed 
t ii(' e\ idcncf radii'i tin odiei wa\ it e fiol iioialtnhnd 
that, the ('\hand cont.itn more dian .1 x » r\ hw pei cent of 
nnhurnl leases ak.d il has moreox-cr hocn dioxwi lint a ‘'otn- 
pli'te heat halanci' analx "Is ( an lx* oldaim <1 xsidemt die need 
itf an\ such h\ j)o| hcsis 

47 . ddius then' ai'c tour simply theorii'.s, of xxhieh noni' 
appear 1 o he sulhcii'iit in t Ik'IIim'Ix < "to aecomit for t hi' ohseiwa'd 
loss .TIk dillicuhx i" so fnndaim ntal a om tjiat "till furlher 
t lu'oi ie-' coinpoiiiided (if the ahox'e have ixen put forward. 
l)iieald 1 1erk made I h(' siejeest ion, as will i'e e''}<lained later 
at f^reater lmi;itli. that the “ "Ujipri'-^' ('fl " h ' ner (m-d' ,nax^ he 
aecoiiiited for on the supposition tliat part 'im tix du' after- 
huniine los^^ and part to a e(‘rtain iiici-c‘is< m -pieitit' la at"' 
'rh(‘ iiuthor h<m "ci'n no ri'ason to modify the' 'mj'j< -tion he 
put forward ai da' nu'etiny of th(‘ ifritish .\ssocial ion * in 
1902, viz, that tiu' so-called "UjijU'essioii (»f temperature''’ 
is ])rohah]y dui' to the comhiiied aetion of c<‘ehnii and of 
increasi' of sjM'cir.e heat on*the lines sn_i!,L{e .l.'il h\' t he ["rencii 
]>hvsicists. l\ni Mallard and Le dhatc'lier Aidmueli the 
inereaM' of .s[)e'eifjc heat h'ft a larger proportion <4 Joes to he 
aeeunnted for al low temperatu e.s iJiaii at high e rie's, this 
xvas siiflieientl) evjilaine'd by the f.iet that die* ignition jXTieid 
xvas much lomrer at loxx temperatures and ^o allowed the < o(»l- 
ing elieet to have a longm' time^. for aetion than it. would have 


The Engineer, OctohiT lU, 1U02 ; Enjitiecring, October 10, 1002, 
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al t (‘HI |)(‘ra hires This meant that for weak mixtiirt's 

t li(' |)(‘r (-('lit . loss was mainly due to eooliiiLe for rich mixt ui'es 
mainly due to inereas(‘ of sjus itir heat, and for intermediate 
mixtures wa> due to a eomlanation <4' the two. 

Dugald Clerk's early experiments ronsi^tid in indioating 

explosions of mixtu]-(‘s of air witii trhis^ow and (Hdham jzus 
in a closed ( vliiKler 7 in h\ S! in. The indicator re^ustmed 
pn'ssure /* on a I'olatimr drum driven at a kmovn (‘onstant 
sptM'd. so tliat (‘ur\es wmc ol^laim'd showing iIk^ nTition 
hi'twc'cn f) ( pT'i‘^sui'(') and / (turn ; durinir the ^‘xph'sion and the 
suhst'(|!icnt coolinu of lh«' i'.o> to I he walls and ends of t he 
lylinder k'rom the diautams so ohtaiu'd it was <d coinse 
])os>iht(' to na'a^urc t(»< tune (Mcupinl l>s lin* explosim', and 
the suliM(jU(ait r.dc (.f fall of pte-^uie du< to (onhnj.** Ai the 
time tliCse c vprriouuit'' wm'e made t Ik' sp( cilie la-at was I lioiiiilit 
to lie (oi'.stanl and it i- important to note how ni'eatly its 
now known im I'ca-e with ten.pei ,tt ur(‘ alhais th(‘ talmlated 
pO'ssnres. paiticuiaily if lor the moimait M.M Mallat'd and 
Le hiiatelitr's iI,L;ure- t>(‘^adopi(d Tha.t theie at'e ohjeetjons 
to tlu' nietle>il o! eNpi-siment on: hy wlm h the I'lench ph\si(a^ts 
obtained flieir re-ults is well kni/wn. In iaH Ihof Calhmdai 
lias remai’k(<l' ’ The nu-tluKl of (Apm’iment imployul was 
elosel\ anaiotioiis to tie- evpl.wioii that was takinc plaei' in 
the tras en;iin' its'‘lf lxxph>-i\o mi\tnre>. weii^ tiX(‘d in a 
elosed cylinder 17 in. )•} V in and the maximum ])ressurt‘ 
w<e- I' id hy means ot a Eounhm ^anire ' Stnei* 1 fu‘ date of 
their e\p( rnm nis oilie» nuaismements ha\e Ix-eii made, and 
liu’sC will in dee course la dis«oi-scd . hut tlu' ineicase of 
s]’''eiiie lu'at with tcnijicral me is undonhti'd, and for the 
pre ent purpose ;\{At A^dlaid and Le t ’hateliej 's lioures are. 
takeii as ilhi,-f r;'{}^a'^ ft the (lieoietieal temperature (d 
explosion is (al- ulated, fnau ihe-e \aln(‘- tla* flifh'iiaiei' fi'om 
tin* ohs('iV('il \alue is much les,-. dims a. rolunin mav now' 
h<‘ added to the tahlc lah ^ivi n and th(' results nu' also shown 
in Eiu 17). 

It will Ik' seen that, in the ease of tlx' wi'akest, mixture the 
r»n pio' eont, loss he( n reduced to -i 1 per cent., and in tlie 
cas(‘ of the riela si 7i* p(-r ( ent has l^a n reduce d to ]U'r eimt., 
^howilJg a steji in the requirfal direct ion. Tlie lialanee is 
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tak(‘s j^lact at all t (aujtrral invs ; IIk' radiation loss on tin* 
otiior ijand is iniporlanl only nl Ihc inoiiK'nts of hiiilu'st 
toni|K‘rat in-(\ Bruf. linpkinsnn lias slnnMi that the coohnji; 
lossf's drjiond also on th(‘ stati' of the innia- snifaoo of llio 
vi’ssoL ^^]lo1lu‘|• hiiijhl or l)lack(‘iu'd. 

TIk' la\\ of cocilni!^ of L^ascMais Jiii.\t niH's (airlosi'd in niotal 
( ylindors of slaU'd dinicMisinns is not oas\ to apply to the c ise 
of oi'dinaiT cniiiiK'S. I'’irst. Ix-raiisi' tla* conncNion l)('1^\e('n 
the i,iti‘ (tf los^ of heat and (he dinwaisions of (1 k‘ ('\lindei' is 
Yia’v eoin [tlieated. lint «‘ven more heeans(‘ in aii oi'dinara' ^as 
(aiiiiiM* e\lind('r th(‘ tenijuaMt me of the exlmdia' walls and ol 
the pi'don ao* m> Aery dillerent that <•< aidit ions sometimes 
ai'i^<‘ m \\hi> h while the e;!-- heim: hi‘at('d liy the piston it is 
at the s<nm time hein:; cooled hy the e\hml(‘r walk, a eondi- 
lion of aifaii’.'- in no wax ahalouou> tf» that holding in t hi* ahoxe 
e\peiimenl,>. 

48. Grover's Explosion Experiments. At tln' time thoi' 

ealeiilatioiis weix* made the (tnl\ othei well-known (Ajaa’i- 
riieiits iijion th(' e\pi<'>-)on id L’as( s in ehoed \ e,--eU wei'i' t ho,s(' 

of Grover, and at Hie l*>riti'-h A.-^oeiation meeting in Ihol) 
an (aidea\oii]' wa-' made jo ."how liow far t he <M>mhimal va.riahh* 
spei itie lieal and eoohm: lhe<iry would i^o towaoU explaining 
th(‘ viaw oamifkahle reMilt," ohtaim'^l li\ ( d'oV(a', w hieli in no 
x\ay leHanhltd thoM* olttaiiie^T hy J)ne*aid (Ta'k, inasmuch 
as the forme] found miieh low(a‘ jm^sun'S and came to t lii' 
mue\!te(ted eoiielusion that tin* i-<atention of x\asl(' pi'oduets 
in a ea^ ( iiL'iiK' ( \lmder imaaai.Mal tlu* ]>res<nr(‘ of the ensuing; 
exj)|o,"ion. an adonidiiny re^'ult liavine ri'LUird to t li(' yo'i'at (‘an* 
taken h\ most L^a^ enixine maniifaet mxa's to swet'p out th(‘ 
nre.lte^t possible ainount of tlu' prodiK-ts of old explosions. 
'The ejcat ditferiaiee Ixdwtxai tlie nfaximinn jiri'ssin'es ohtaiiK'd 
hy Dueald t 'lej’k and Urovei' is ilhistratc'd in hhe. Hi. 

It xvas (ooxaa-'s idea not only to imaisma* tin* pr(‘ssures 
ju'oduet'd hy various ri( line^.M-s of inixHu'e of eoal-|j:as and 
air, hut to invest iiaale whether the ix'snltant ])ressnro on 
exj)lo."ion was at’feet<‘d hy rcjilaein^ the air in e.xee.^s of 
tliat ('aleulati'd as ‘iMMiiieallv nee(Asary for eom])]ete eom- 
linstion hy a portion of the hmnt products of the prev'ions 
cxjilosion. Now it a])p(‘ars frmn Urov('r‘s aeeounl of the 
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(*xj)(’i'iiiU‘Til s fhal li(‘ liad an ii’nn ( vliiKli'r of oik* ( iilac foot 
cajiacity, and that in carli si-ik-^ of (‘\|h*? iin<*nt^ tlu* \olimK‘ 
of llio coal aas adnii1l(*d wa.s ki‘|)( ( on-l<in( ainl ilic c\lindci‘ 
\vas Hum lill(‘d uilli a inixlnic of an and wa.sti* |ii‘odnc1s in 
various propoi l ion-. vas done in (M<-h M‘ri(‘^ kx lillin^ 

tiu* cylindi'i* Axilli wain, and <dlowinM ya.s to (*nlcr wliil.vl a. 
know n volmiU' of wain wa.n nn Old. 'rinisaftn- an (Aplo^ion 
xvatn- was allowed lo pa- ini o 1 lie (‘\ !m« in nnlilall hid Hie 
I'npnred volunu* of Inirid jiiodii -N liad kreii |on*(‘d oid , so 
that if it were Hial no Inirid pr< idiK Is .siioiild he lefi . 

Hi(n'\ liiidc'r w oiild Ih' eompk'lalx Idled uilli waler, hid d -six, 
5(1 per and. of Hu x'olunu' of Hie ,‘\lmde»' wa-> re(jiiii(*d in 
conlain Inii'id ])rodne1^, Hie w ;l'*i would only l»e permill(*d 
ri,-e half way up t iu* ( x iituk'i 

'^1 lie pri'.-'sure wa-^ leeoided m Ha- (iidoimry mannn’ on 
a lolalin,^ dr'iin (nt xi'iy {('w o! Hn' ntrxe- aie i-ixen in Hie 
pnlilislicd aeauiinl of Ha* expnimeni'^ atui il i- Hierelor<' 
diOieiilt (o make a xeix <‘\,ie| e(>mpari--o(' iMlweni Hie lime 
rale oi lall of (la* ples•^me alier %'\pl<>',<*n in (Iroxer -' (‘\pn’i- 
mnils {n,-.i!ic. of eoin'-''. Those espnmiet;!-- Ill whah no Imrid 
pi'odiiels wen* admit h d; w il ii Hiom- I'f Dnyald Clerk 
1 ex (' ■, so fa’' a> t !ie ( lO X e- (nii f <• ('\a m iia • 1 t luw slioa foi' 
Ha* sanu* pres-mv^ a'm^)^( exai Hx Hie.^ameiih f 1! a r('sn!t 
xvhieh is Hu* les*- iine\ pnled, as Ha* diana t (*[•,-. ,.i Ha juo 
eyiind(‘!'S appear I o have heni neai'ly e(p,.d !( i*. not ddlienit 
to eaU'nliite x\ flat I he )de<d m i\im'im lemperai an and nuK*- 
spondine pressnri* of exjdosion xxonid lx*, iisiin: the same 
variahk' spn^'die iu*al ^i^llre^.. ,ind assnmiii<_' no eiiolini^ of 
Hu‘ gas hy the x^alls. iuu! \\fu‘ii Hii- has laam doiu*. it may lx* 
compared xvilli Hu* prt's^iin* found experiment a lly. 'The 
following table (sc'i* page *2) shows Hu* iv'^idt of .^neh a e;d- 
dilation. 

In this table tlu’re is ake yixen Hie difTi‘i<*nr * in the hcitl, 
nu'i'gy lielween the jjas a1 this h. in}M‘ralme ;uui .at (he aelual 
i(*mpeT'atnr(' atliuiuak 

Tlu* enrv<’s (]). 52) show' the actual ]»ressin-es plot I ('d witli 
resjiect lo ?ie|;n<*ss of mivinre for the e\periinenls of both 
invi’sl igatoi's. It i> seen Hiat Cro\<‘Hs enrxa* lie- far Ik*1o\v 
Diigald Clerk's. This cannot he due entirely to the diiTerc'nt 
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mot(‘r tu1)0. If tlu' um* of m ( iHlioinolcr doc^ not pioducc' 
n'siilt.s ]iior(‘ dilT('i('nt fjojn l-iniidd ihan Ihis, llie ]>r(‘ 

.sumption (‘(U'lainly is lliat soim* la<‘t(tr must have* rntcnial 
into ( d'ovci' s (.‘xjuM inaad'- w ha li has on(n(‘l\ maskt'd Ins 
n'--ul1s A smiia'st ion as t<i uliaf 1 1ns Ia<toi‘ ( onid ho has hocn 
inadr hy < Jrovoi- hinisoUk foi* in <1(‘'<-Mhiim <uic r\p«M'iin(‘n( 
he sa\-, '‘'Ida' dilieii n■•e n no doiihi dia^ to the fact that 

\\ater \\a^ pr» -eiit on tlu' v\all- ol Ilie tslmdiT" hut tnoxer 
did not ( on.sid(‘r appaftmt l\ that I in- pioM-ni <*1 w a I er a Heeled 
hi- eon- hisimis on tia* snhj(‘el i:('neiali\ eonelusams which 
aie '-(dl f ath in his M<n((ni ''/n, (inl ( >1 !' Uui 

IdieK' is. of o,ini-'e, a hnnt to tlu' cpi.tiitily of water wha h 
(MMiid adhere to tlu' wall- <»[ the (\lindei- <»nd it is neeessarv 
to -( (' wla'tlaa tha iMiniicd anaainl i- what could rc'asonahl\ 
hc' CNpctlcd tcf t\i ! '!'!<• aVir.cL'a los. n1 cia-iL'y L'lveii in 

(‘oliimi: I cH the t.d-]c' oii p. oi! r ahont nno ft.-lh, 
and c - Kli 1 iii'j lii'' a'vciaec uauAix L'lven t>‘ I Ih of water 
to i'll e it {i"ni "d nio>j)he' u‘ 1 * inpei at ui'e to .supca heatcal 
sle.ini at the a\eia<i'* n.a.'jn-.iim t mpciature. «is <d!out TeO 
(eld. lie»t uiid i! i' 'lo\‘- tied the* Vo ejl.l ol watiM’ rcapni'i'cl 
ecpjai- noinj p, 'j i,, \\oiiid c»e. 'ip\ a sp=-c-e of ahout 0-aH 
'■uhi' (!.» in aiai ni \l.<aa*z c)l the .innen-ion- n-c ci a Him of 
water , ^’,,111 t ha t<. w oulc ! h'* - nilic ic'cil Itcaeeoui,' 1 • 'in- So 
that th('U is no ddhz nh \ ni ,’c<oontinp loi t la* pie.^-enca* of a 
siilti* i(*nt ipiaiilitN ol wator. H'o slio\v tia* o'nh ol the pre*- 
sc'iac* of watc'i' a simple example may he taken .n whaii the 
wc'itiht ol tia* uatii lilm i,- t Inee ci^ht hs ol the W'*iuht ol (he 
^aseniis mixture, and in uhieh h(»th ecadiii'ie at th(‘ same 
tc'inperatnie and pre-sure When the pressure (ahsolul(') 
aniciuntc-d to Ih't jh. peu' #(pa{re im In a calculation made in 

the ahsc'hec* ut the lvnowl(‘dec- oi tlu* [ue-ema* of a water 

film wouhl liivf* a (( mpt lat »n(* ol l''»l (Vnt . whereas tlu* 

rc'al te'm[n*r.it lire woiiicl he liM '"ent , a, ’ c'l'V dilTeix'nt ri'sult. 

A further ealc-ulation with the same amount of watc'r pr(*sent 
show s t hat a jua'.ssurc' of l.n Ih. pi'r scpiai-e iiieh. w ouhi he altaiuc'd 
on e\])losio!n whc*ions ue-'a i the .-ai.u (*ii ema- l.uiei's. hut 
in iheahseuec' of the watei t ’’a, a tuesui'* » ! inU Ih jier scpiare 
inch would have heeit rntzoned. 

It may he* eom liidc'd that the prc -c m e- ot a water tilm of 
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Vtiryin^ a MtlVririit ion of tlic* vt*iy ctiiious 

results obtained l>y (lro\ei“. 

49. Later Experiments. In addition to tla* early ('XjKTi- 
rnentj. of Dii^ald ('lerb and ^oln(■ work in the same 

dir(‘etion was done at the Mas^aehu^'('tts ill^tltnt(* Itih- 
nohfoy, hut it do(>^ not that any d(*tinil(‘ eoneiiisions 

w(a-e diawn iheiefroin. Later (‘xporinu nt> hav(‘ lu'en made 
hy Dimald Llerk. liopkmHm. and !kiir;t(.w and Ahexander 
at th(‘ Loyal t olleee of N-inuM*. 'raddne the laM Ci'sl : 
Lairstow :ind Ah^xandfu ^ (‘Xjuannent s wco' ma<le on mixtinvs 
of London eoal yas .md aii m a ( vLmdm- is in loim and^ ,10 in. 
in diameU*!'. jU'essure.-^ '\e]'e m<neate<l on a rotatijii* dinm. 
and the re^ilts ot the m\ e>t iua 1 ion- wtU' eoinmunieated to 
the Southport nuH'linu .»t tlu' Ihalidi A mat -on in lOolL and 
to th(‘ Ihiwd ^oei<-1\ two year's l.itm d'he ( hiei interest of 
these t('st> lies in tlu‘ fact ihat varioiN unltal ]U‘essur(‘S wt'fe 
used, indead of the almo>pheiK inili; 1 po^otu' us< d hy 
eailier experinu nti'rs 'rh<‘ hdlowinu tahk' eivers a .s^eleetion 
fi'om thi'ii' result > 
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Detail'^ of llu'se wd! Im* toiind m 

dcjk's hook on \'(>|. I. Il is Icfl as iin 

(\\oi'('iso to >tii(U’nts to (atinpai'i' Iho^o cxiilo-^inn ; 

Avitli tIiosL* IlKsacl ioall y o))lanial>l('. lakinv I Ik* ( Jasi'oiN fAplo- 
sio]is ('onnnit ttH- '. ha heal,- 

50. Time of Explosion. In hhmi Dn-.dd ('Ink nx iMMS'd 

the iiint' oeenj»icd in tiie (Aplo^mn of mal es'' and air 
fi'oin 1h<‘ nhii'a id of inniion in that' of inaMiniim piv-^aire 
ddie lollo\\ iiie, \\e](' soin«' of the (inx’- loi- vai‘ii>n> raiio; of 
air to ya>. 


.,1 , , ,.,u 


II 0L»a>a.on 

“ '» |.V> „ 

7 n n()7 „ 

u <*05.7 ,, 


d’{i<‘>'' liL'ons le ohiaiiied 5'oni r\plooi-n t a jx'i'ine nl s in 
elos(‘d ves^eh in Nshicli (in' ini\loH‘ Iwha* * \|i|oMon was at 

f\ 

1. 

/ i 



Fia. 17 . — Indicator jtiaarams showitm fSl'crt oi Tin IxiIcim c. A !> ot 

<'ur\«* ulicu I'li.ii'm* is fioii on liisi cotiii)H--‘'i< >ri aiok* : <l'ii.in'-i( .»t 
OX])' i^ion <.'057 .'.ccuiul <’ 1 ) IS *'\|)lo-i(>ii u)n‘!i clt.u'a*' o. lin'd ’ijciii llic 
Ihnd column moh ; dui.Kc.n ot c\|)lo'ion <HtOJ sccntid. 


rest. Th(‘V may h(‘ cfnnpan'd with lho.se in thi‘ tahl(‘ on 
]>. 54 W hen 1 hi' mixture is tnrhnlent. (he tiiiKMit explosion is 
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very much shoilcr. In a working engine for instance ihc 
limes of (‘xplosion ar(‘ murh less than any of the above (i-nres. 
lii(l(‘(‘(l did the (‘xplosion tak(‘ as lony^ as in the al)ove table tli(‘ 
workiim of the en,<:im' would <inite imi>ossil)le. A small yas 
(MiwiiK' ean !k* mad(' to run at m) r.p m. se that each stroln* 
oeeupic's onlv <» O.') s(‘e , and tiu' (‘\plo>ion i,- usuallv eompk'tt'd 
ill <pnti‘ a small fia<-tion ot th(‘ strolns which show> how miieh 
r.ipid th<‘ e\jilo-inn luu-t he wIkmi t h(‘re i.s tmhuliaice. 



'V\u' e(f(‘ct of turhulmicr* is well shown m Fiy I7. w hieh is 
r(‘p!()duc('d fi’om sotm* indicator ♦ aids taken h\ Duiiald Glerk. 
In the one ease we have tla* unrmal diagram produei'd hy 
normal ii’intion ai rany^eUK'nts, w ini t intheolhei- the tni’hu- 
l(>nce whicli the yaMaius mixtun' liad duriny the suction 
stroke lia.> intemt lonally been yiviai tmu' to di(‘ down bid'ore 
tlie sjiark is pawd 'I'he eifeet o1 this delay is seen in th(' 
elianyed diayiam, wliicli ll]|^trate^, e]('ailv the eontinuanco 
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r>7 


of (.‘onihnstion lliroii^lioul tln‘ \vIh«1o h'tiiilji ol the ('\]»aiisi,m 
st r()k(‘ 

51. Hopkinson. A of (‘Xplosion (^\jK'riln('nt^ was 

akt ‘11 l>y Pro] ilopkirwori and coinmiiniralfMl to (Ik^ 
K()\'al So(‘ioty ill 1 jio sIkovii in I'jn js ,\ 

i> I hr sparknm jaiitil, Ik <' and l> arc plalimini tlHa rno- 
ni(‘1ni>. 'rin'iinonirtrr P> i> piarhrallx al lla^ rnitrr of tin* 
\ t'sM'k ( ' 1 ^ a !•' mi .'io rni doianl lioni I la- ^pai k and I ) i> a hont 
! (‘in from tin’ \\.dP ot tli(‘ V(‘ssrl A rrroi-d of (jn- jM‘(^Mir(‘ 
was iaki'ii on tla* s.inn‘ drnni a^: l}iat iijMm wliali tlu' trni 
ji(‘!'al»nr» w('!’(' r!r(‘t nrally :’r<*<ndrd I'Ik' iiidiral of was 
\rr\ ^inl()l(^ <on>i^tnni a> i1 did <‘1 a pinion ronlrolk'd l»y a 
Hal >prin,ii Imld at i hr (wo <‘nds A-' (hr ^pfinif wa^ 

dril ‘‘‘(rd <1 inli'Mti (iltrii and ^o lh|■(‘W a ii(‘ain o) li^ht on to 
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An in\ (‘sl iiiai ion had also lo lx made' inio thr (jiir>tion of 
1lu‘ r\i^(( nrr of a (imr and Irrnpmat no' ia^ in tla' ( rinjxnat nrr 
rerordnd hy tli<‘ (kin jilvlinnni ^\ilr. Prof. Hojikinson hmnd 
tlir ((niijirrat nr'(' of ( h(‘ \\ irr (o lau inat{‘riall\ hrliind that 
of thr ^as wiirii thr 1 iltrr was rhan^iiiL* lapidly. 'To na'asjjrr 
tliis, wires of two diHmrnt ( hirl:n(‘ssrs wvvv iiscmI. \i'/. 

♦ Srr lo- 
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in. aiul o,)Mo n‘sj)(‘(*tivoly. ajid ])V a c()in})aris()ii of the 
resufts ol)ta.iru‘(l Prof. Ilo])k'm.son was al)l(' 1o iiiul tht‘ ainoiait 
of 1h(‘ eorreetioii wliieli he coiisidej’c'd it jiecessarv to eia[)loy. 

Phe most important of the eoiielusioiis reaelu'd by this 
oxperim(‘iit(‘r. wlio, he tells his n'aders, eanii'd out these 
exp(‘riments. largely “with tlu‘ ol)jcH-t of finding the cause 
v>f t-lie so-eal]e«l ‘ Mip])ression of h(‘at ’ in explosions," is 1 liat 
hi.s expej’iiiKMds apj)eai‘ to piove that ('irti in ihc ircakcnl 
ronifjKslion .n'/icn once initialed at any pnvil, is ahiiosi 



instdnianpfinsly rojnjdetr. Mor(H)\KT. he adds, they s}u)w 
that th(5 s])(‘eili(‘ heat of the products is v(ay imadi ^n'ater at 
high temperjitures than at low, and tlie extent of tlu' difT(‘i'(‘nc(‘ 
secaus to justify th(‘ view that it is the main reason of the so- 
called “ suj)j)r('ssion of h(‘at." 

52. lu addition to th(‘s(‘ comdusions lh‘of llopkijjson found 
ccT’tain dHjerenres in the letn/n tafn/e oj fhv ya,^ in different 
■parts oj the resseJ, and this supports the results obtained by 
ih'of. Ibirstall in his gas engine trials for tlic Institution of 
IMcchaiiieal Engineers. In e.vperinientiug with a rich mixture 
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(air /gas -- <i) Pr(^f(^^^()l• fl(>j)kiris<>ii found lliat at tlu' tnnuu'ut 
of inaxiniuia jm'sMiro llu* di^tr})>u(i(.n of uinjJtaat iirt' iti liis 
vessol was roughly as follows 

'\](‘an i(U]i|)(‘ia1ur(‘ (iufrij'cd from jU'OMirc) . { '. 

Ui) ( Vidre uour N])ark ..... l.lino ( '. 

(5) M) cm. witliiji the waW (('. k’lg. II) . . 1,700 

(c) I (‘in. from ^\a!l at t'hd (I), k’lg 11)1 tMM> t«>l {' 

{<!) 1 cm. from wall at ,'>idc .... sr)(i (' 

It is c\j)laiii(Ml that "at points a. h and r the gaM> 
Ir'na' lost hut hit](‘ IkmI a1 ilii.s time, and llu' ddhanu c,-< oi 
IcmjX'nat ur(‘ arc ahllo^t wlinj|\ duv to tli»‘ dilh-p'iii IkmIuiciiI 
of the ga'' at dithanad placo At it ha> hoon huiut iicarlv 
at at mosphcT'ic ])ix‘-vi[]v. and ( oiupicv.sod aft('r hin iiing 
to ahout (i! atuKvsplHac- al .-chid' while at {i ) it ha,-^ Ikimi 
hrst compr(‘,s,s('d to ahmit ^i\ at nnl^ph(‘rc^' a- m a g<is cngiiK'. 
and Hhmi ignitc'd without aii\ siih.^iapicnt e(■mprc^^ion. At 
tlic point {(!) mu' h laat luia h<<-n lo-^t. ^inec ;)ii'^ is tlu* tirst 
point on the wall iva^ hed hy 1 la* llamc . the v.i.- heiv is ignit(‘d 
hen tlu' pr(\^suie is ahout two afmtisphcies, it - tem]ieraturc 
Ms('s instantly to 1 :;(i0 (' ,ind at onco heein-' to fall ’ 

In cxpciitiH'nls mi a weak mixture ol iw-hi* \oliim(‘S ol 
air to ojK' of ga^ tla explo^iTin wa-- .iileetc’d \<‘ry liieatK hy 
the eonv('etion euireiit set up. owiniz to fne ignif(o ' lx mg 
lighter aiid ri'-iiiL' through tlx- M""'(‘I In the rieii unstii 
this could not liappim to tla* '.ame ext(mi a the maMnnim 
pr(’ssuic was n'aehed ahout a ipiarter of <i .''(‘eoiid ,d1er tiling, 
whilst with tie* weak mixture tlu' int(‘r\ai w.i,- two and a half 
s(*eonds and so the time for convection was mia h iiaigmx 
d’he (‘xp('rimi iiti'r na-onh'd that "a lew <-entina'lres lu'lou 
tlu' spaik tlu' tmiijKMat iiKk will rise* rapidly ,ind then fall, 
the tlaiiH' leacla's the wins ami is then f-ariied up'waid and 
away from it, tiie wire heinu cooled lo ilie ( urix nt (.f cold, 
nnfmrnt gas w hi{'h follows in the ^^.d^e of tl e a<i ending tlame. 
Ahout one si'eond after ignition, and while the })re>,-ure i,> 
still l(‘s,^ than 10 Ih alx.va* atmosjiheix' the uppm’ };ait ol 
the v(‘s-el is tilled with hiirnt gas which is in eonlaci witli, 
and losing heat to, the upp(‘r half (.f the walls” 'The lowei 
half of the gas is t herefou' huint la.^1. Kinall\ it may lu' 
rc'coided th.at Id'ole.-sor llopkinson in eiuuparing the heha\'joui' 
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of and |>oor inl\tiirrs say> : " It saft‘ In assunir in 

dt'aliiiii with a 12 I inixtmc that ono-fidli of a ^(‘('OJid aff(.‘j' 
inaxiniiini ])i('^^ur(‘ (wIumi lla* l(»ss of p)<‘SMiro ])\ (‘oolinyf is 
still los Ilian a (HMit.) tlici-t' pn\scn1 in jli(‘ cvlindc'i' a 
jnas> of and in conijih'lr clu iniia 1 (spiili- 

hi'inin In iho 1 mixIniA' >la1(‘ ol coin'^o. attaiimd 
v<‘t \ niiiali ^otinoj- 'rii(‘ dilfoiciiM in I lio ItoliaA'ioiir (d t lio \\(\\k 
and ^llonii ini\tin<'-. i- \\Im*11\ 1o tlx- u-is -low pj-opa- 
iiat ion of llain<‘ in tlx* loinitr in a t* I nnxhitc 1 iio liana' 
>«‘('ins to t!M\ol alxnit I <“n I inK‘> a'- fi'-l a- i!i t lx 12 Iniixinri' 

PiolrsMM' llMpkin-on li.i^ al-o nu a-'inofl tlic tninp^Mat nro 
oi I Ix' ail In a ( ' !ind'‘r w lion t ix‘ oiii. iix i-- : m nod lt\ an* oloi 1 lio 
motor Tlii' air j-- t hon ooinpio'^-od aixl o\pandt(l a!nii‘->l 
adialiat ioall \ It wa^ ImiiixI Ilia! .n ilx lop of t ompi'o--vj(!n 
tho tomjMM .'t ui‘(' ut tlx ait halt a it rJin.otii lioiii tlx' wall wa,- 
sonio Hn dotj tout I0-.V I hall it w.i- ill tho ((Mil to \l p anK 
noaror tlx a.dl that 1- with.n I mm tho lompoiMlmo loll 
oif xoi'v rapid!} althoimh siili maloiiailx altoxo that (tl tho 
wail faoi' (won at a I'l-lvn'i irom it oi oni\ mm 

53. The ‘‘Zm-Zftii*' Experiments. In Dn.tiald Clotk 

.'omm iinioati'd to lho llo\al So'-iot} 1 ho lo-ult^ ni sonx' oxplo 
sioii oxporimont^ lx‘ had mado h* a now mol hod to dt'tonnino 
tlx* Vdliimotix Ix'at of tho L'a^'otm mixlmt* u-otl in tho o<m 
(’iiuiiio Aotordiim to that do-'a’ipvXm llii- ooii-i-tod in 
running a ua- omjino nixlot tho ordmarv -t.indaid ooixlitioim, 
and tiion at a iiixon iiximont jHo\on1iriL' tho oxhaimt .ind 
inlot val\ O'- h’om op( nitiL: and at t ho -.amo 1 mio t a kinn a si-rli's 
of indioxtor dia^irranm 'hhoM* diaiiiaiim '>howo<) d nnmh(‘T- 
of oxpaimioti aixl oolnpro^''ion (mwo-- witii tlio pr('>'-ur('s 
^itrailiiali} fallina a- t ho ooolod ^ h'lii 2U In a r(‘pr(‘--('nta1 ion 
of a sorios ol omvo,'- so ohtainotl. Ih'oin Ilx* shape '»i such 
oii]'\(‘s il i"^ pos,>-ihl(‘ to o;doula1(' what is oooiitrinu: to thi* 
Ljas in tho ovlindoi-, 'Fix* tollnwiim explanation of tho method 
is tilvi'ii in the hdrst Keport ot the li. A. (iaseom^ lxx[)losioiis 
(\)inmittei* ‘ 'idio oaloulation is ha-td on tho assimijition 
that the total heat lo-.s tmin (ho hot uasos dmin;.', an\' ^ivc'n 
jiortion of a stroki* i> ilx same in I'xpaiisxtii and oompression 
if the moan toniporatiiH* he I ho same. 1 n t ho liist oompri'ssion 
tlx* tomporat ur<‘ of tlx- ^as ri^e to ahunt Moil ('. (xt: the 
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r*l 

j)oin1 ('. l-io :•()) Dinin-tliclijvl \hvrr 1 l,r foIlcNMn^ 

(*\ j);i usKin --Ir-oki' (^1)) thr Iniipc'ial iiir f(‘l! alxMil 7(Hi (' 

I li(‘ worlv Hour in Ihi,^ pari of 1 1n* rvpan-vinn was nirasincd 
and thr lirat lo"'-> dr1(‘rnnn(‘d as ahoxr wa- af h'd. Thiis {hr 
( ha nj^c ‘ of i n I ( ' i na 1 r im i r \ ror i pt nd i n^r to thr 1 ('i n pt* i a 1 1 j i (' 
rhaii_ii,r i jon pin ohiatru'd. 'i hr a\rraL'<‘ voInnnMi'ir 



hrat o\<‘r (hi- ranj > i witlrn th ritoi m r\jrfin:riii ron.ii 
to thr x'oiiiiiK-l ! }i hf-al .d I hr ni< ,mi lrinpri.,1 liir <,| non i\ 
w hirh a'‘cord nir I \ i Mii' ftioj la ‘d dt f rrniinon ho-; i iijdrad 
of h_\ diruanar, a^ , n<-M-s^ i . ,|\ ! j ,> wh, ii . .-an. 

othrr (‘xprrmiriii ’ t h< w [loio mlci im f rn» i r,\ iianrra -i . m) d 
with roni])!rlr ''(>ohni: ot tla- ras naa-'and " 

'Thr \o|innojiir I rat lianr''- ihiis found h\ ( irn. irr -jorn 
in t h(' folk >\\ 1 a Mr-. 
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Explosions 

Comniiftee 
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nitiM'ii 
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jnc as h: 

ive t h(‘ labours 


of this ( o]tnnit(c(*. (;n«' of tin* lii^l task.s undcrlalo'ii was a 
thorouiTi sifun^ (if (h(‘ (.-xjici i!iicijt<il work iKairiiii^ on llii' iis(' 
of spccilic h(‘at of ,i:asi‘s willi t(Mn|K*Ta{ nnx This (‘Xjicrinioiilal 
woi'k Ava.^ <livid('<l into (hr<(* rlas^(‘s : 

(!) Const ant -]»rcs-.nr(‘ (‘\|)(Mi!m‘nts : E(‘Lniaiill. \\ iodoinanrn 
Witkowski, Jais>ana. llollnji-n an^ Austin, llolhorn and Hen- 
ning. Tlic aas is linatcd fi'oni an (‘\((‘rna] soiircn in thL\s(' 
e\prrini(Mi1s. and is at at nnksphiair ])r(‘ssuro. 

(2) h'xjX'rinirnts which both voliniH' and j)n‘ssiir(‘ ai'f 
varind, th(^ Ixanir laaitcx] hy coinj»iession. Tlin above 
ineulioned ('xjxa'iinents of Ch ik and the d(d('rniinations of th(^ 
vidocity of soinjtl in hot c-as by l)i\on and (dhers belong to 
this class, 

(3) ( 'onstant-volunn* cxjuainuad. To this category belong 



cirAP. ill] rOMlirSTIOX A^’J) EXn.OSlON ().*{ 

the (‘Xplosioii (\\|)Oiiim‘n<,s of Mallard and \.v dialolicr. (Icrk. 
I^an^a'M, JVtav(^], JlopKiiiMm, and olliors. and .!ol\'s d('t(M*- 
niinatiofis with tlu‘ stc^ani caloriinrtor. In tho (‘xplosion i'\- 
jfCTinuails the is hoatod b\ intiaiial coinlniNi ion. 

Asa |•(^sl^lt i)f a fidl I'xaniinat ion of this lai'^o nia>s of ex jxa i- 
nuaital work t ho ( oniniitt(M‘ j>nl)li^lM'd a cnrvc' of intmial 
(‘iioriiv at various t(‘ni|u‘iat n!’<\s lor tlio ira.s (‘ii^ino inixtiiii' 
witli w'hicli (1(M‘k Jiad ('\ji{aiin<-nt<,d (An (.'as I ), and this 



Fi( 5 . 2l - Sjx’t iti( Hc.it, <iTid o-u’ Ihstl, ct' . t.'ji (* lu a 

I 'jiirirK* lit I ciuim-imI n 


onrvo in sli^dit!\ niodilital form is n'prodncod in ki*!; (m 
]). S4. 

'Dio tan^'ont at any point (»f this mirvo is a lnoa^nro of th(‘ 
sp(*oilio h(“at at that [loijil, ^nd it i;- foun<l that t ho follow ing 
liii(*ar oipadion i-ojnvstaits tho spO(ili<‘, hoat within the Jhiiits 
of o\])('rimontal aoonraoy 

3.(i-ir)i> -] tPoonoTo T 

or in othor nnits 

\h)linn(‘lrio h(‘at - Ithh -i to(.0(S:> T in ft.-lh ])or cubii! 
foot . 

This is illustrated in l’L 
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TIk-' follow jiiL^ (ho values of s|KM-ilio heat and 

vohmu ti’ie laail for tlu‘ t(Mn|a rat u?-(\s named. 


t'M.ji 'IM! Iili‘ 

Or 


, V'i'liiiiK in 

U'-;/, IV'nt, 

2r.d 

0 It) 


Fl - 11 . p'-r O.ur 
21 
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0 2 ;‘, 


2 :> 
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IThO 
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AltlKtiiizh (luse values refer lo (he e\])<nidiim east's in a eav; 
eiiuiiu'. tIu'V mav aUo he apphi'd with approximalt'lv *eoi reel 
results to dll' ea,s(‘(ms inixlmt' hefoM* explo.^^ioii I sine this 
tahh' it is po.^sihh' t h('r*('ft»re to t'stimatt* (emperat nrt' li-t's 
eoirespoialiiux to vaiious amounts of heat e!)eri:\ supplied. 
TIk' temperat iires so ( si imaled w ill ot course, onlv i>e appioxi- 
matelv eoi’reul . uniess (he 1emj»(‘r,i» urt' lanei' li.ippeni'd to he 
e('ntr<‘d aiound one o1 lilt' above lempt'ictt nrt's. It is in- 
(('resting to compare thi-' t»ahle with ti.at on p hi 


KX V.MPLK 

« 

1 . A inixt at t if ( ii.i! uj.i - a lu! .nr ♦•“iit.i mma j ht <•( nt < -f ro,ii is 
(in (1 III larirc s| n a ! \ « 1 !>' <( ') lark :ii l hr »■< al i «■. .nx 1 tin O ni- 
pt 'FMt ur<. <>t d a t-M'- i- rei I It «ti <1 I '\ I 'i.o iiaaa t hi rin' HM (‘0 1 '. tax’ f '{ \\ 1 1 u'li 



(A) is jilaccil lo the xiid i!"' oilx-r ;|t) tK'ur to tin* walls of 

Ihr \(."s('k The rri'otvh nf tetupi f.u iirr^ U'urvis A aiul !'•) ainl the 
fciiiiultaiieoiLS record of pressure (( urvt t't are shown in tlo heiu'n. Tim 
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05 


rc<i ifdf' St. lit lioiu t!u’ inonn'iit of I^lxplani tin* <‘li;ini.ct('rist i*’ 

iVat ui'i". «»f t'le t('in|)<'r,it 111)' (i.ii't tho rist- which occurs 

Hi A .ilt( r 0 I sees, and the slow i isc in ] » diinn;,' t lie lii’sl two-tenthsof 
a second. 

h’stnn.iTe fi'oni jAcord .V the \ohnnetrie lieat. of the prodncls of 
coinhuslion o\cr Die i.inec to l.SOt) ( '. 

IMci-h. 8 n. Tn[ios, 



niAi-TKi: IV 

I hcrni()(.lvnamic s 

J 

1\iii!\m l‘'.\rn<.\ Law hi 'riniitMni.A nami's I'l na r 

oi iN( in Srin II u oi \t)i\i;\iir Mi;asii{|’ 

Mi\i' 1*1 ('Nii\i)i:K Tiivin-’K v'n lu’ < ci Kii’i 

( iiNi\ I'low ui III XT riiiKH cii Mi;t\i W xm.s oi Cxlinolk 
— Hka'i I’.xriis. 

55. Internal Energy, 'riic a|)[»l'Kntioii-’ of tlifiino'lMiainics 

to the .^tiuix <if iia^ oiil'iiu* inohlcnis ai’o nunuToii'^ and xaiii'd 
Tln' oaiiici chaph'i’ on tho onicicncy ot on <•!('< ol op(‘ra1ion will 
liav(‘ aliordrfl illn<tra1ion oi iIiIn, Imt il |)iojMt';(‘d now to 
ilr\ot(‘ fintiiiT ath-nlion to iIk* niattof 

Till' I'olat ion> lictWAMMi I*. A’ and T of unit wi'iL'Iit of a juM'tool 

oas liavo l*o(‘n j^ivcn as ^ ^ ; and in 1 liorinod vnaniic 

T 

ralciilat ioiiv ii i-, Lscin'rally n(‘c(‘ssan to a.ssinnr that all ;j;ascs 
iollow Ihis law. wfii'-h il hajipcn^ fort nnaloly 1 Ik^v \(‘ 1 \ nearly 
do. Speeilie lieat lia- been delined, ainl it lias heiai shown 
tiiat llie K (‘f th(' e<pudion aliove is d i\). 

W e iiow' return to the eiin.'^idri-alion of t lu' internal eneioy 
(d' a iia--, ivfeiTod to in par. 24 . 'ria* internal (aier^y of a ^as 
inr.ois tlie total eneijzy. in ft.-lh., actually in th(‘ suhstanei* at 
any instant ; to (hdiiie it absolutely, it is neees>a]-\ to li>; upon 
a d('tinit(' state of tlie nas as tla‘ zero stall*, from whi(‘h to 
moasure (u>u.i]l\ loo {’. is s(*l(‘ete(l as tlu* staitin^ jioint). 
(h*nei’ally, liowc'vii’. we ao* only eone(‘rned witli ehanj^es in 
the intc'i'ual (Mieriry. If we denote tin* in1(‘rnal eiu'rtry by E, 
we know that an inereasi* AE due to tlu' r(“ee])tion of AM 
lieat units whih* AW’ ft -lb of meehanieai work has been done 
by till* yms, is lijxt'n by 

AM d All AW\ 
an 



(■iL\r. iv] 


THKRMODYXAMK’S 


56. Joule's law of themiodynaniics is thal in a pcifcu l ^as 
1'] u])oii (ho trinpnral Nil' only . nr a^ it may more 

l^ciU'ialR' staU'd, K is always tin* ^amn when tlu* !L;as jc^tiiiris 
to tlu' sam(‘ state' 

Krom Joulr\s Jaw it iollow^ lliat unit w'oiydit o! pis iK'iiiLr 
tala'll — ■ 

AK AT 

.so that 

.](\ AT AK .1 All AW .1 All V. AV 

(an ('(^uatinii whirli wa> ('.■^la}^il.-h(■il m |>ar :'!♦) 


or in t 111' limit iiii/ case 
. e/ll 


Till' (hih rciit lal i onlhe lent ,, wliieh it is imjioi'tatil 1(» 

il\ 

# 

note' 1 ^ ol ( he el line ns< - >ns of <i je*-e'ssure. i-. .m mijx ■» ! .o * <,iia n( it \ 
jn uas ('iimne' e-vpansion <inel eompi’e-ssiem einwe*.^, asal it is 
nee('ssar\ to hiiel an I'xin'es.viem loi' it w hie h e-aa he more' ejmekiy 
(Je'alt with than tin* ahnvi* eepiation (1). 
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Coinbiiiiiig this vvitli (‘(juaiion (1) 
ilW I 


dV 


B 


This (Mjualion is ofhai with 1Ik‘ ,1 on the l('tl hand 

side <>inittod, < lie II ( luai is sii])|>oM'd to he giv('n in oiua'^N' units 
(it.-lh.). 

57. ddio fo|luv^int^ 1ahl(\ |»art of w hit'll A\as cah nlati'd from 
an old low compn'ssion gas moinc indicator rard for Ih-atcssor 
IV'ITnV h<)(»k on the Sham Etxjtui, afiords an illustration of 
till* us(' of tiu' formula (2)- being tluuv taken as laisT). 
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Tlo'sc liguo's art- plotted to -.eah- in Uig 22 


It w ill b(' noted 

from the table ttait dining <M>mpn''-^inn ^ is posit i\e in 

«‘very case, showing that </Il and r/y nn,.f h( of tlu' same sign. 
As is decreasing during compression u V must be negative 
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69 


;uul therefore //II al'^o S*) that (Im*iim eompressioii tlu^ ^a« 
is losiiii^ lu'at to tlu^ eoM;a- walls of the (‘\Iiii(ler. Tlu' I’alio of 
loss is not ^!‘('at. howi'vei’, and siieli as it is it rej)r(\ser]ts the 
<iitfer('iitial (dlVet of tlu* eo-tliiitr of th(‘ w<»ll^ and lhi‘ heating 
hv eontaf't uitli and radiation from t h(‘ liol pi^tnn. I)ni-ing 
e\j)lo^ion the gas is sc'cip holii tiom tlm tahh- and llie enrv(\ 


(tuve 

dunnq I ffilnsm.i 
jnd t 11,11 





Fkj. ')! , •111(1 F. It show-, how ()i(‘ workltij:; sitifi’ ic('«*l\o 

/r 

lu'iit (lilfiiit; f [ (* coiiihU',! l(‘ii ilinl h«w\ it .lit Cl .it(h lo .i -i hcllf to 

tJic w.ilF F/mI ol V js athit .ij\ so unit oi ^ (s ailalrarv' also. 

• (II 


to gain Juai rapidly until the /toinf groato t }n'('<^niv and 
t (Muper.af iirt' is rt'at hcd, alal Iht-ti the eiifvo lulls r,tpidl\ . ai'tl 
th(‘ gtis })(‘gins 1 o show a loss of Imat to t h(M‘ooling walls. This 
loss has of ('onrst' Item gtang on duiing the (‘xplosjon also, Imt 
th<‘ (‘HVet is ma -ked hy the iar greater (jiiantilios of hrat then 
being libeTatetl fn itnalcrn ('ngines, piossiui's and leiiipta’a- 
tures are high(‘r, so that intaeast* ol sjiv(il;e lieat alleets the 
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calculal ioTi aiul must not lie n(‘^0(‘(*tc(l. Tins correction is 
(l(‘a]t witli later o]i in tlie cha|»t(‘r. 

58. It is oft(‘n found that durim^ compression or exj)ansion 
th(‘ ,i^a,s will follow the law 


so that 


or 


PV" constant - c, say 

dV nr 
,/V V'*+' 


nVV\ 




nV 

V 



nl* 


Suhstitute this in f'(juati(m (2) 


and 






(‘i) 


A v(‘ry simple (‘\[)rcssion which can oftem h(' us(*d to ol>1ain 
rcsult'> sp(‘(‘(lil\ If t h<‘ iia> lo.si^ in 11 durirm compressir)n 
evidciitly ()- -- n) mu,^t he positive or must !-(' LMcatca' than 
v. During expansion, if lh<- ea.< is lo^in^ heat (y //) must 
h(‘ lU'^nitivc or n he <rr(‘atcr titan (Gt E\ 14 on p Bl ) 

'FhiN analysis was oriLunallv due to Prol(‘s>oi‘s Ayrton and 
Perry, and puh'islual hy them in th(“ J^H.r(c(lui(j.'< oj tin Pirif iail 
Horirtij in J SSo. 

59. Effect of Increasing Specific Heat. It is important to 
examiiK' how this calculation is atTcetial when allowanet' is 
made for a specific heat which incicascs with tianperat ure. 
It was mentioned at th(‘ clos(‘ of la, -4 chapter that the gaseous 
mi\tur(‘s us(>d in jiractiec had a sfiecific h(‘a1 vaiu(‘ rising in a 
lin(*ar relationship with tempcu'atun*- in fact that 


^V - />+^T 


W'Ihto f) and s wane some c(mstants. 

Sinc(‘ ((^^ .-(^) must frtun douh' s law h(‘ ind(*jjendent. of 
temjx'raturc. it follows that- 


<V nPsT 
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niAi’. Jv] 

lias tlK‘ same value as aluivr, and <i is a ihav i‘(MK-tan(.. 
Th(' ratio niav loi* convrnim'a^ }><‘ w rit trn e ; it is obvinu.sly 

i‘ 

tlie \’alu(* (it y when 0 

Jt has ju^'t Ik'iii hhnwn (j». (iT ) that l(»i’ unit wia-dit of yas 
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and lhi> is lie- n‘‘W (‘\])f( ^Nion for 


iiW 

i/V‘ 


Jf .s -- 0 ; i.e. if 'j)(‘<*ilic hial.s W'-n (‘onstant cajuation (I) 
would rl(“a]i^ at -oia-e hfconie (|ualioM [:*) 

As lK l(tn\ take t lie oa^* w hen* as in » ouija <‘,->io!i and r,\jiaii- 
aion, rV’" i-onstant, v<'iy ncail;.. 

Then 

V 0 / 1 % 

i/V 
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and substituting in equation (4) 

fp. 

n\ c — l f/— //( 


vP 


or 




»- 1 


.T P 




0 . 


C — 71 

r/V” I c. y n- i: 

whiVli hocomos (Mjual io oijiiatiou (:{) if s 

(5) shows that propoH ioji.il to wluai T 

is oonstant, and that it i^ a linear funelion of T w Ik'd V is 
constant ; ])rovi(lc(i always that- all chan^^cs arc n ^nlatcd 
by the law J*V'* — constant. 
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CP^NH angle compression <=,/ 0 F 


Fkl 23 ~ Indioiitnr (liiijj:rfirn aoiilvst'd in Kiu'. 23 a. (It i‘4 5 rtf tlit' 7t)i 

I\c|)or( <if ( } K ( * ) 


Mr. flo^^ lias a|)|)li(Ml this method of analysis 1 o a n indica- 
tor diagram taken with a relhalini/ indicator by Pi'of. Dalby 
and reproduced in h'iy 2‘k ddn' btliowinir arc his results. 

Value of n durinyf conipix'ssion lsJ72; during' (‘xjiansion 
Composition of stmsdtly tlie same as tliat adopted 
as standard by C.K C. wliosr s[)(‘eilic luNit tigures are therefore 
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takriK (k)iTe(*ti()rj for choinical cotitractinn on ('splosion 2 LM 
])tT oonl. 
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TIh'so lis.’iir.N a''(‘ plofltMl in j-'ni lM \. aii-l inf\ Hk' 

fo !)(' just io^iiii^ lioat on kaiaiuo ironi A in U <i?) iIm* rom- 
|)?‘os,sion ,-.l M )k( , a n( I 1(» !)(' iiaininti it h'om 1* to i' li^iniion 
oo(‘^n'^ alx'dt tin jjoint (\ and th(‘ < niv(‘ would (laai ^iioot np 
far olf I he diaiifam . this lapid ri.-t- raomot lu* pnl from tli<‘ 
indicator diaijrani as t Ijc volume alters so c\cf‘rdm<:iy 
slowly at I lie dead ('entre. Proin this Imiylit. liow('\ei\ the 
curve 1 ‘apidlN deseimds owiny to j’adiatioii and <oii\(Mji(m 
looses until the point I) i^ r'caclc'd. '^Fhe rate ol loohiiy then 
tends to deerea.x' as shown h\ 1 h(‘ line DM wliii h rrpri'scnt s 
the (‘\pansion ptaiod. ddie yas is still losiny heal at the jaant 
kk wlie.i th(' exhaust oj)ens and th<‘ tcanpfaal int* is in th(' 
juayldioni'liood of’ (inn ( 

Mr. Iloyy’s eiir\'e shows m) evideme of an v <'on1 innat ion 
of eondnist ion after IIm* hiyh<*st tenijMialurc* has }>ern ri'ached. 
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Fjo. of Tnl('rnj*,l Murinf' ooinjircssion and oxfB^l)^ion 

^trokf^s ot sliuwii in Fii; 2!{. 

60. Adiabatic law with variable Specific Heats.— If 
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Tills is tlH'refoi't' ' h(> adiabatic* law with variahh* sjaM iti/- Ii-als 
61. Ex:p3riin“nts on Meas.inii?? Temperatures durirg the 
Cycle of Operations in a Gas Engine. Pn»frvs<ir lhn^lall * 

was th(^ Jii'st to do this. Il<‘ came to tin roncin.'^ion that 
wiih a tilaliniiin 1 li(M-nioinetei it was iinoo^.'sdih*. owiiii/ to 
th(‘ fiisiiiL^ <'f th<‘ lin(‘ platinuni wire Im Iotc a ^-nChcienl imndie. 
of ol)S('rva( ions had been taken, t«i inak(‘ siadi inea^noanent,- 
with an cngirK^ woi-king on fall load, lb* had theifhar to 
exjKM’inK'nt on an eniine running ligl'.l aoid llring i.at once in 
each tw'el\<‘ revolutions ddu' j)iinci|»i(‘ njimi which a ]ilat- 


* Plul. Mug., IStir), Mid i'toc. lilOl. 
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iinnn ilK'niionu^tcr works is ihiit since llie electrical resistance 
increases with tli(‘ tenipcaat lire in accordance with a known 
law, to nu'asnre tlie n'sistance of 1h(‘ vsire is to measure it; 
temperatun* at the nionuait. l^-ofessors Callendar and 
Dalliy have since made additional tests in this direction. 
Ttiesc (‘xperimenti'rs ]-('aliz('d that they could not cid- a wijc 
which would ‘ ^land up ’ to th(‘ tiaujau-at ure of (c\|)losion 
unlc^s it w as s(t 1 hick t hat it inusl fail te fallow t Ik* flnctuatiny 
tempi'ial urc^ of the i^as with ^utlicii'ut rapiflitv. Th(‘v then*- 
fon* d(M ided so t o arianiic t Ik* apparat us that tlK*x could with- 
draw the fine t licrmoiiK'l lie wiic from the aefion of flu* cases 


C 



Pjc; L'l - ( ‘onihuifU Aiinii^'.ion nii'l riii'riu<»niftiT (« 'allnuliir ) 

durinc (‘xplosi<>n and icplacc il for (*ach suction and com 
jU'cssion ''liokc. Thi.s was cnccjcd hy liltin;^ up the inlet 
valve* as shown in I'ii:. iM i' the* admi>^ion \al\(‘ ca'^tinc’, 
w’ hie 1 1 i^ hultc<| on to t he <*;v lindci' <ind proj«*(‘ts inside* the* sjiace* 
j*ro\idcd foi* it. The* t lK*jiuom<*te'r was inscried throiich the 
^I'indle of t hr main admir-ion valve* marke*e! A. w Inch had he‘e*n 
eh'illcd out to jce-cive* it. In the* lie me* the* little* I hcrmoui(*(e*r 
vaUe*," as it may he* calle*d, is slmwn proj(‘(*l inc h(*yonel the* 
main val\e* he'ad into the* e*ylinde*r. It cIom*,- with a little* 
conical se'atiny of its own as soon as the* icnilion peeiiil ce*ts 
]K‘ar. Ida* Ihe-rnujme'te*!* h'aeh e nte*!* throueh Ih jiass alone 
the* t he'rniome‘te*r v.dve* spinelle until tlie'\ ariive* ai tlie tine* 
])lat ilium wire whie-li is .''he)wn ai V. The* he*ael e>f the* the*i* 

* S(K'. l*ro<' , jaOT. 



f’ElAl*. IV] 


TIIKIJMODYNAMICS 


/ / 

JiiofiK-ter vm1\c‘ is coiiiHM'tcil <0 ils spindle hy Hie two rihs 
wliieli are Jiiade as thin as so that (h<‘ plalimnn wire 

is not sereeiKsl inoix' than can hc' h('lpc“d fnan tlu' aelmn of 
the liot gases when the t lierinojnet(‘r valve \ . (Mislusl (tut into 
aetion. 'the opening and shnthnij: oi tla^ theniiomeler valv(‘ 
at tJie ])roper tiin(‘S is (‘ihsMial hy snilalile ineelianisin. Ylie 
thiekiK'ss of the phdinnin \\irt‘ was , of an ineh At about 
VM) U.IMM.thelag oi t he t hei'inoineter was not more tlian ID 
of crank aiiL'h* with a t ('inpeiat nre liiul nation of ncail\ IMIO' 
in lialf a revolution This would eorM‘>pojHl to a time lag of 
rl'n ^ •' - ^\hi(h was <pnh‘ oond ejioiioh ((H- 

jneasnrin*g anything so j‘(^lati\elv steady as the >nction t('in- 
])ta’at n]-<‘. As a ri^siilt of -mh nua^nremmit-- it wa> found that 
th(' suction temperatllie \aried with the (ondiiion^ of rnnning 
from about h.*) V at Imlit load to about t' at full load, 

the air tt'inpeialuo' teiim' about lO H and the jacket tt'in- 
pm’atuH* 1*7 (7 'TIk' lolh-wnm aie delaiU of 'wo 1i-sts 
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tMnlcciiIar coni r;c 1 1 ' 'll on (lanhii lion . Tit p( i <■ nt ' T) I p-Tccni. 


It was noted that by a ^anions coincideiu'e tlu' indieatoi 
cards from 1 hesi' two tr!al> showed a pra«ticaji\ identical 
cx])ansion eiir\('. not Yar\ing liy more than I lb. in.- at any 
[)oint. 'Pile temperatures dming <-\pansion weie howiwi'i' far 
i:ri‘a,t(‘r mIii'u using the rieh(‘r mixtme.and lli(‘ heat lo-^cs to 
[h(^ walls eor]-(*s])ondinoly greater, so that although much 
more gas is used in one (\ise than in the other, no more 11. 1‘. 
lS obtained, t h(‘ exct'ss licjit units going to waHe. 

Tliese expeiinicnts show' tliat the eoii\'enient praetiee of 
issnming llie stieticm tt'injieratiire to he KM; f. irn'speetive 
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f)f load is only approximatoly comvt. W hen, as in the above 
(Apei'inK'nis. I Ik* .siietion pres.snn' is ae(‘uralely lueasnix'd, it. 
IS ])f)ssil)l(‘ to ea]eulat(‘ aceiit‘at(‘ly the teinjaa’atures thfonghont 
I he eveh‘ IVoin th(‘ perba't ynis law and a kno\\l(Mlge of the 
inoleoular eontraetion on eondjustion. 

62. Later Experiments. Later attempts to measure^ the 
tempera! in‘(‘ of tlie ^as ar(‘ due to Coker and Scobl(‘. Th(‘V 
fomul tlu' suction tiun jxu'at nre to raniie from (ia (‘. to L’OO' 
(\, but 1 h(‘:’e may hav(' Ihhu) special cii-cu instances eausme th(‘ 
ian<j^e to be widt'r than usual. th(‘ir (‘hii't woik. ho\\eV('r. is 
the rmaisunaueiit of temperatun' alone the (wpansion eurve. 
'I’o aehi(‘V(' this much moi(‘ dilhciilt measurt'ment Mist' was 
made of t h('rmo-(*ou})les made up of alloys ol plalinum with 
T'hodium and ir idium, wluehhavi^ vej*\ hi^h fusine j)()inls. rolk'd 
into strips about a to -S teiot housandt hs of an inch thick. In 
thiswaN'it w.is found possible' to measuix' the eas ti'rnpt'i’at ut’(‘ 
not onl\' on th(‘ r'isirni compi’cssion eui’ve, but also alone th{‘ 
er(‘at(‘r' [rail ('f tin expansion curve, tia* \rv\ hieln'st Iran- 
]Ka*a1ures had still !(> be,e-,*imated. howexra- b\ I'ceai’dine th(‘ 
ehafe(‘ itself as a eas t hm rnometra- 'Idle hiuh(‘st tranpiu'at lU'i' 
points e()u!d be more a<''*urat( l\ < stimal(‘d in this way than by 
infeiTin,tr t luau fi'oin t he auction Uaupraat urr*. since ( I ) it was not 
neer'ssii'V to allow for cliranicai corit raet mn. (2) and tlu' pra’feet 
Lias law is moll' tr'ul\ followed at hii:h tr mpraat ures. It was 
thus found I hat t he jieak tenijxa'at uri' in t h(‘ Lias is in t h<‘ nraiih- 
boiirhood of I son (... and may with spra ially rich rnixture^s 
evtai I'Cxudi lMIOO C. 

63. Gas Standard of Efficiency. In ('i)a[). II the ‘‘air 

standard’' of eltiraenex for intra-nal combu-tion erieines was 
explairu'd fully and numeiical lesults weir^ elvrai. Th(' stan- 
dard so .s(*t i-< liow'ever, much abovr^ what could be a(*hie\ed 
in anv real (‘nuiiH' evmi wme rrcrif source of loss I'canovra]. Th(‘ 
I’C'ason for this is i hat 1 he ea.seous mix! me em])loy('d in practice, 
althouLdi mainly air-, is l»y no nuains (mtiri'ly so, and that in 
eonse<pH'ne<‘ it is ineornx't to assume (as is done in the ealeu- 
latioii of aij' standard ’ etlicieneiesj tiiat the speeiiie heat is 
constant. 

It is ther(‘for‘(‘ nera^'-sary to make allowance for this, aiul 
one wav of doiiiLi so is to ra^jjhua' the '’air standard” with a 
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‘ stiuidard ” 1)as('(l on <lu‘ inixtun* cominonlv nsod if> ji 
tras onuino. 'I'Ih* Ix’sl niixliiro lo iiso i.s lhat for wliah tlx' 
(Jas(‘oiis l^\j)loM'oiis ( onnni(f(‘i‘ (loti'rmincd llx‘ spocilic lii'at- 
t<Mn})(a‘a1 iirc r(‘lati()ii.slii}). 

''taf(‘d on j». r<‘>. llij.s (*iirv(^ (*or!-<‘'-j)onds to a finrar law 
)M'l\\(‘('n >jKTilir lioat and lorn jUTat me au;r<‘oiiiL'' lla- 

ohsorx'od \Ml)ijn (la* limit,'- of on jK-rimcntal error, as 

follow : 

(\, - 01 o 2 i- oononTa 

w'!i(‘j<' T is t ] m‘ trrnp al>-.oliif <■. 'rhi> nnxt nrc i- stated in the 
Kepoi’t fo Ik' ' Mk' mixture <ni whieli < 'lei-k e\jM’rimt‘nf(‘f] ’ 
lv('l<‘naie<* I o t 'i('rl\''^ |)a jiei' ( /*/or. h't ifo{ Socu I (f. A , I />/. 77) jj;i\'es 
tli(' loIiowiriLf pa !'( icnhri V, of this mixture. 

Ext j'r'iiie eomp )sil ioris 

\o)^ \'ni.. 

Sl<‘am (a^^miiod Leiseon.^) . . l|-j and 12*7 

Earhoiiie ‘iiilixdiide . . . 1-s ,, 5 '> 

OxvLren. . . , \ ^ . <'s-7 ,, T O 

Xitroizeij . . . . , 7.T'9 71-S 

. pMen loon 

• 

"^)rresj)ondm,I: re,^|a\ t i\ <1\ to r‘\| jo i\e mix:ims crintamiru 
Ix'fore (aanlnisl ion I x'olmm' of L;a^ to 9-S \oh;itH‘> of an, and 
1 voliiine <»f ;,fas to s-o xojimuxs of air. Tlx' lowe r in'at valiu^ 
of the' ua^ waN o7 1 Ih'l'h.!’, (or .‘t]9 |)o!m<l-<‘;dori(‘s) jxa .standaid 
en ft , xvhilsi the eompre.ssion \(»lnme wa.s iSoO ])(*r e(‘nt 
of the total voliin v. Clerk ni'mtion.s <ni (r otU of \ 01. I of his 
CO.s', Prircl a/nl (lil bJu(fin( that a standard (adiir f(n)t of this 
mixture wrliih.s 0-07s:i:{ ih. So that if llir ,spe>{iji<‘ hexat he 
(xxpn'ssed as ft.-Ib, p(T standard vu. ft (i e as voiiime<rie laxat ) 
ik l)(‘Com(‘s 

=r. 0-OOS2 T. 

With tliis data it is possible to eal:*ulat(‘ 1h(‘ temperature at 
any ])oint hi t lu' nhxil constant xolunu' c\r]e (.stn* I’lc 7, the 
l(dterinjj; of whieh is also followed in what follows). pF‘o\'idi*d 
,tliat the sLK'tion tem]>eratui'e be known. This may eonveiii- 
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ontly l)c tak{‘ii as KMl (k, a fii^uro iiovor far from its actual 
valui‘, and oii(‘ jiior(a)vcr which airnrs A\it}i the us(‘ of that 
t('m|K‘rat iir(‘ a.^ a start iiiir point lor internal (Mua i^y nu'asnri'- 
nu'iits. \\’(' may assunu* for simplicity's sake that our ideal 
enuin(‘ e\lind(a‘ whi-n tilled at t h(‘ end of the suetifui s1i-ok<' 
eoidains exact ly one standard eu. ft. of i;<ise(tus mi\l ure marie 
iij) ()t a. small pioportion of (‘xhaust pindnets together 
with froh aii‘ and tir'sh uas 'PIk' amount of tla* exhaust [)ro- 
ducts will vary with the eompi(»ion iati»), hut no c!('at error 
will la* ma<l(‘ hy taking it that at the end of t h(‘ suction stroki* 
the content'- of th(‘ (‘yljnd(‘r (at ItMi (' ) an* mk h as to ha\’(* an 
axeraL'C caloritie x’aliu* ol Jit pound <‘aiori(‘s, hein^ madt* up of, 
say. I jiai’t h\ voIuuk* of i:a> to Itt p<iits h_\ voJiime of a com- 
hination of aii* <nid exhaust product'^. so that tlu* \olume of 
eas pr(*s('nt is one-(‘leN ent h p<«i I of a st<indard ctihie foot eon 
tainniii ‘lilt II oi‘ Jit piuuid cahiries of heal eiaacy. 

64. Tlie Adiabatic Curves of Conipiession and Expansion 

(var. sp heats) 'I'lu' t heoret ical ellicicncy <>( t he new ^tan<lard 
(‘X'cle can now he wnrkeij (’ut lor \ aii(ui.s i ompl■c,^^i( ai ratio-, 
assuuunii no he<it ios--. im chemi' al ehaniie dt \ oluiiie. no change 
on (Wplo.sinii of th(‘ rc'lat lon-lnp h(*tween sp'i'i ili<- hr'at and 
temjx'rat ui‘('. no comhu.-tion aMr i‘ tin* point oj maximum 
tr'Mijiei'at lire, and t he -iiclion V'nipr*rat me constant at Ino (' 
Know inc; the suction tenip-eiat me (1’,j t he I ('uija'iat me at the 
end r>f coiiipte'-sioii ('Pi) can he c.dculated finm tiu* adiahatii 
formula a j)p!'opriat«‘ to a lijii'ar n*lat ioinhij) hetwiM-n speeitii 
heat and temperature. Ilavinc thi* eomj)i'e>sion ti'inpr'ratme 
(T,) it IS (‘as^ to obtain the <*.xplosi(m iempr'tat ure from 
the Jieat liberated (Jit pomai calories), and the known sj)eeiji(' 
heat values. 'Phr* t('mp(*rat iin* at^ tla* r‘n(i of (‘Xpansion ('Ik) 
is of)tained from the same law as that izoxerninc coni[)ression. 
All four temperatures ht'inc; tlu‘n known, and the intt'rnal 
(uieriry eoii (*s[)ondin;z t<‘ (‘aeh. the calculation of ellieiencv 
follows at once. 

The adiabatic law cori(‘spondinir to a. liiu’ar r(*latiojislnp 
lu'twec'n s])(*ei11e lu'at and teiujiciat urc* is as t^iveii in par. hO 
r ^ . V" . — constant . 

V\ 

J^at --const a Jit, 

T 
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Th(T('f()re Y“ . -constatit. 



It not po.-.^ihU' to (‘ali‘nlal(‘ directly from this, hui 

cur\’<',> may he diawn yix iiiy the lelat ion^hij) of teni|)(aat me 
and eijm|ii (‘'-Mon |■ati(^ and in thi^ way 1’, fur any ^dvcai \olnme 
rat i(f p’j *r'ia\ he fuimd 

Now :t7.‘h and ( ', /> l-.v'l’ O (MMiOTa T. 

'^I'o ,u('t ( W'e nerd K. 

n i’\' 11-7 itt 

N(t\v (‘ and R - , „ ^ Ittt, and 

” J T (|■(^ 7 s:;:t 27:1 

C^. t; (>(‘71. 

So tliat a-|./r -O-L’L*:) i (n(MKMl7r> T. 

'rii('retor(‘ 

ioLT ( ^ -• 14 (or ‘ ) . * ' lotr r. 

" \\',/ " \:{ 7 :i/ ' tt.v) 

The relationship of 'I'j and r an shown m the TaM. teluu. 
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It is uscfnl to oxpH'ss llicsc toin|)( ral uies in Dtlu'r 
tlio a])snhite foiin, and to compare 1}j<‘m wiili tlic corre- 
sponding leinj)eral ures ohtained fiom the adiahatif' law for 
a i)erfect ^:^as with constant speeihe heat, viz. - core 

slatif Tliis (!omj)arison is given below, and is illustrated in 
Fig. 24a, 
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65. Internal Energy Throughout Cycle.-- 11a \ mg thu,> hmnd 

'J\ for vai’ious \aliies of /, it is next JH’ce.-.'vars t<* obtain T. the 
explosion lempeiature, and this is be.^t got from .in internal 
energy curve. 

Volumetric heat ~ Itcti (h'ios 2 T 
and the internal t iu rgy 

= f ,.J (1'^ 'H *' I’HT 

-Ki-o (T— 37:i) + {( ll.. 

This is .shown plotted in Fig. 25. Now on exph>; ion, 29 
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66. Gas Standard.- -It is now possible to give the value 
:)f 1 he internal eiuagy at (‘aeh of tlu‘ f(Mir eoriiers of I he diagram, 
and so to obtain the thermal etlieuaiey eorresponding to eaeh 
eom])rcssion ratio, as HioAvn on p. S5. 

If will be staai that with this gas mixture tlie gas standard 
is about SO jxu' (a'lit of the air standard for tlu' eompression 
ratios in common use.* It (‘orresponds veiy elos(‘ly to tlie value 



67. Approximate Formula for Gas Standard. It is not dilli- 

cult to show that to a fir^t approximation the “ gas stae.dard ’’ 
elhc'ioncy is givtai b\ the expri'^sion 


wIku'I' tj 1 


I - (1- I,) 



) 


Or if it b(' prcfoi'ied tlu- jullowmo appi ox iuat ion ma\ be us<’d 




I ‘ 0/ ' 


It is a us(‘ful (‘Xiucise for ^t udonts to rompari* t liis apj)ro\iniate 
luie with th(‘ figures of p. Sa 

68. Hopkiiison s Efficiency Experiments. In a pa|)er j)re- 
soiiti'd to tli(‘ Institution of Mi'chanieal I'higineei's in ItlOS, 
Ih'of Jlophinson doscrib(‘d eeilain experimonts h(‘ had madi' 
to det<‘rium(‘ th<‘ relationship ol actual engiiK' etiieimu'y 
witli th(‘ “’air staialaid ^ and with what wi* have teniied th(‘ 
"gas slandai'd Ills results art' conveniently sunmiari.a'd 
.n I’ig Ihe uppcu’iiK^st dottgd curve is the "Air Stan- 

dard which lor the eoiiipre^>i<ui selret('d (viz. r U-.'iT) 
( omes out at ‘>2*- per <'ent Under that is a lita* which was 
caiculatcfl liy Ho[)kitison on th(‘ basis (d‘ a variable specitie 
lu'at (using tlu* figures of Ilolborn and Austin, and Laiigen). 
iUEnv that again is the line of eHieEuieii's as actually found. 


* Prof. A'-a^oiwa (I>nl. AsMKuitioii, lOtlJ) lias ^hidied experi- 
iiK'idaily tlir efl'ccd ol vai’ifit loti ot ('oin[>r(\s'-;ion rat i<.» on tdierinal 
(!in(i(*iH> . It appears tliat ahoiit sa ]»er of tlie “gas -standard ” 

enicii'Jicy loay be cxjKM'lfd as ‘ iiida-alrd t iioniial otUcieiicy in ]>ra< tire. 



THAr. iv] 


TIIl-RMODYNAMirS 


87 


The s(‘(‘(t]ul line \va>! caleiil.iU'd l>y an a|)|)n‘xiinal<' m'apln<‘nl 
method. 

69. Choice oi Working; Fluid, What ehan^e would ho 
(‘tT(H‘l('(l in 1 Ih‘ liiennal elheii'iiey of an en^^ineif I lie wni kine fluid 
weri' ehaiiL^od for one havini^ a larg;'er specific heal? 'I'fiis 
an imporlanf (iroidc'in, a^ if. no! only ( (‘ix-rins th(‘ ( hoict' <‘f 
worhine, llind. hnf al'^o wIioUku' it Wfl! to weak hi'jh n|> the 
leniperat lire *aie oi- not lllu' ajU'ellie IkmI iMiiea-ine with (he 
t(‘innei at lire a^ ha^ he(*n .sh<n\n) 

d'he ( henna 1 ('irteienex of an eiiLom' del a auks on man\ fat 1 or^. 
Iml {o,a. first approMinat ion ii may he taken as j)i-t)[iort lonal. 



Oic'- f . 'I a .1 itiiiir s i<‘ 1- I’'! '''' ‘‘ ‘ ‘ 

, .Ucul.Uot u!< fl lilt. me. I'lli* e tx \ '■uin, 

ior an\ iiivmi eonijiiession to tla- erjicx.n, <»]){, im.<l horn 

t li(‘ \i! Mandai'd ioiiiMlIa 


Nou .Me,, l: :ni.! -/ I ‘ 

■” I 


.SO that 






lo^^ ( 1 “ >/) 
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diffcronl-i.ito 


— 1 di) Jl 


log r. 


di] 

■'/u. 




log r. 


TluTcfore v^ifh i)ieraire of .^jtcclfir heat tJir (‘/liriniry lolls. 
This could also Ix^ written 


jd},\ /(/C, f R ]-), 


Idij r 



This ^ives the jiroport ional change \n elliuiiUHy for a given 
[)ro])ort ional change in speeilu* heat. 

If for exainph' }* - l-fO and r -- l(>, then for a I per cent, 
increase in (\, tlu* eoriT^sponding ju-oport ional decrease in 
etlieiciK'v would he 


lOOl 


( 14 - 1 ) 




Now wluui r - 10, ?/ - 
and - S)-10 • 

. (Mil p( 


- (e(10 

040 
o-tio 
■r e<‘nt 




1 

100 


xSo that in this case tin* (dlieiency fails hy rather more than 
i per cent. ^\h('n the speeilic heat risi's hy I pei’ ei nl. 

70. Heat Flow through Cylindjer Walls, ttiu* of tlu^ most 

inipoiiant mattiT.s eonneetisl with the tiunpi r at uri' changes 
in an internal eonihiistion (‘tigiiK’ is t!ie considia'ation of tlie 
manner in which th(‘ h(*at eaiaiiHl away hy the cooling w'ater 
pass(‘-< from the hot g,e to tlu^ water. The cooling watiT is 
circulated around outside td the eyliiahu* iji a s]iac(‘ proviihxl 
between the- e\ lindcT walls and the jacket. TIk^ cai rying away 
of heal hy this cooling watiT is, of ('our.s<‘, of no t hm inal advan- 
tage to th(' engima much the contrary, in fact : hut uidess it- is 
allowed to take placc^ the eylindm- \7.dls wou'd leaidi so high 
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8<t 

a t('inj)(‘ral are lliat luinaralinu inij)ossil)l('. 

Eimiius Ih'coiiu' nioir (‘iHrjeiit as tlii- jH'at jo-^s is rfdiK-ul. 
but care has to Uv tak(‘n to limit flu* ndnctuni at I he point 
wliou' tlu'i'e would ):o lisk oi the lulmcation lailuui If the 
Jul)r'ieat ion did so fad tlu' })isioii Mould seize and tln'enLUfU' 
b<‘ sei'iously daniaeiMl. in a four-stroke engine of th(‘ usual 
ty|K‘ the tempera! ure of th(‘ lMscs in,sid(‘ tlie e\ hnder w ill vary 
duririL^ the ey^-le from al»ont :.Mi ('. lo ITaMi i\ d'his is a lar<^e 
ranue, but it is Itmnd (liat the wall tcmipeiat lire twaai that of 
its inmu'most faei' does not pass throiieh an^ thln^i a])]U’oaeh- 
ine so^lariii' an amount. \\i*)i a lemperatiiri' rarmy in tlie iras 
of the amount mentioii(<l the tot.d temperat un* ranu*' in tlu* 
inner fae(* of tlie wail will not ('\eeed aliout 10 And (‘ven 
this small ran;.!(' is but skin deiji. it has laM’n shcnvii niath(‘- 
matieally, and eonlirmeii !»\ (Apiaiment , that at a di'pth bidow 
the inner surlaee (d 1 h(‘ wail ol j inch the tmufX'rat ure ran^e 
is only ab(»ut tlu* stirfaee Th(‘ 

lollowiiiL^ eomparatne statiaiumt ean t herefori^ be i^iven as an 
illustration ; . 

Kanye of tempmatuie in ^ is aliout loOti (‘. 

,, .. in 'Wall suifaee -iboul HI (h 

n M I inch de<‘p in w .dl abeut } (\ 

Jdr all jira.tjeal purposes, therefore, tlie waii tempe’‘ature 
as a wh(‘le ibics nol vary from monuail to jAtomeni diiriiui; lh(‘ 
cycle. 

ddi(' temjHraturi' is ditlcrent howevi'r, in dilU'ivm! [larls of 
t h(‘ lenitl li of t h(‘ w all 'Thus, t he wall is hot tej’ ncai tlu* (xim- 
jiression Imad t ban it i'^ at t lu‘ ol la r eml of t he e> iiiider. This 
is beeaiisi' nu'st of the lu'at htss oeeui" at the bi'i^mniiuj of the 
stioke. in the clearanee <}>»((', where the hmhest yas tcm- 
pi'raliires ari^ found, dda* eon.siMpient varNiny amount of 
expansion in t h(‘ dilh roni e\hnd<‘r parts n nders the metal 
liable to crack miles'^ the de-sintj pj’oxuh's loom tor e\]jau,>ion. 
(^ylindm* luaids and ]»istons are the most liiflii ult jiarts to pro- 
tect leainst craekine, })ai1 ieiilarly in lai’.m* enLuhas. Ibit if 
fix(‘(l joints Oetwi'cn metal faces neees.-arily at difteiaait tmii- 
])eratur(\s are ri'placed by shdme ones, mueh of the troidile 
niav be ii'uioved. 
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71. Hopkinson's and Coker’s Experiments on Cylinder Tem- 
peratures.- Iv\|K‘riMM-‘Mls tna(l(‘ hv I lopKijisdii * and f 

<)H diHVi(‘n1 aOoj'd a f<M‘ drav\iii;j^ uj) a fahlc nl 

tlir prohaON^ Itanj^cial uri's occiit r inu iii llu' ordinal v 1\p(' cf 
iour-strnk(‘ (aiijim' (open laidcd) ; -- 


I’. Ill 'I f'll.jii'Ml UK 

MiiMiiniMi tciiijx'i'ai iiM' oi iM'- . . . l.r>nii C 

I'l.st wiu I nil i‘t' n[ i,h . inn r. 

('riiln- «»i r\)iaiol \al\( . ... ino (’ 

Ditto, inl< t \.iho . . . c' 

l'n).iKkt'{( (| ]),ul o1 w.ill ill rh .ir.inci | • ‘ <‘ - -'>n *' 

I'l^ioii, nju, ol laco . . . ... l!nn (' 

.lailo'lcil w.ill in (‘haiaiuo .^jii.-i . inn < 

.larki ImI p.U'l ot \'all in vln.ki .... To ( 

(’noliia/ walrr at oiitk'i . . , lu’. (' 


( olsia' al>o foil I id t lial w il li a copious ''*00 'I' nf runliiio ^vaOn* 
tlicri' was no dilfnrnnci' in ^\all tnrnpnia j me alnni! tlu Inniilli 
of iIk' .vtioKi', j}iit willi a rnsDi((n<l .Nii(ipl\ (Im a\n[ai.>n wall 
tnmfinMl nrv was (l>y ,'-<>inn 7 D ) in llu- inrtal nrat t lie nnd 
of tlin oiit\\'ard ^1 1 'okr tliaii al (Ik* ImL'inniiiL'' T!i(i< when tlm 
('ooliiiL^ wator i.s r(*>lr-i( led iji (pianld v mhih* o1 tlin Imaf pa‘-^in_<^ 
into 1 ill* n_\ lindi'r wall.^ tra\ ni'- fih>iiii \ he w all a> w t'll as flirntuih 
it. 

An iid(‘rnstin^ nK‘a''nn'nK‘n1 inadi* h\ llopknison .-hownd 
that if an) jiarl iiivido (Ik* r\lind(‘r ^lioiiM li'^n (o 70'> ( ’. tlin 
ynk^ns would iyiiilf' spontaiK'ondx . .-'O (aii^-inii fn < -i(in i'lf ti . 

72. Mathematical Theory oi Wall Temperatures.- It is 

i 111 CR'st ink' (o invcsi |o-a((‘ lliis prnlilnni ntal jii'mat nail) 

L{*( ( K ) ))<' 1 111* inner taei* of ( Ik* M*e( nm of ( Ik* w all w liidi can 
witli .sijf(K'i{*n( aeenrae) foi* (his prohl(*in Ik* (‘omideted plane. 
(Vin^ider wlia( i*^ liappenmir at A, di.^lant j )H‘]o^\ (he siiifaci* 
o( the nietal. Aero.ss an iniai^inarv unit arc'a pi'rpc'iidienlar 
to (he snrfaei* of (lie jiaper and (o the line of Ilow' of tin* heat 
which is in th(* dii*(*eiion of the arrow. lK*al will he transinitti'd 


* rtor. I.C I KM Ml. 

t /*/n< / r./-; Mii:{ 



cjivr j\] 


'rfHani()l)VNAMI(\S 


\)\ 


hut a part will Ik' r('t.un<‘(l hraliii^ up of l]i«‘ su])slatu'(‘ 

of tin' lamina a1 A. At a s(‘<-lion at distami* ( r -[ r.r) lht‘ 
t<‘mp(‘]'alure will Ik* (0 n'O). wIkuc of coursi* M) is it‘iia1iv(‘. 


or 


Ht'at flow to 

^ Cooh/iq Wilton, 



0 


h 



Fii. 


at 1h(' sanic mouK'Hl of timo :v u tlir ral(' .’Jii^h 1 oat i^ 
ivooivtal at (lie tit taco »tf tlir laimiia, < out a niod )»\ tiic two 

plam'-> :it ,r aiai (,r t AM* iso(pia!to /• w Ihmv f tlio 

oondncj i\ i1 \ . a ml llio addit lonal aiuoiiot w Imh lio\\.'^ (ait poi 

s(*(*ond on tli(‘ otlua- Mdr i- f /• ) i\i 

Xow llii-*la'at jnn>1 lu' ((paal to t l^d |(•(p||»■(•d 1 o lai.-'i' t lie tom- 
])('i*atinv of (lie lamina lM‘M\ocn tlio time / and tin- linu'i/ j 
^V). and dm \oliimo of tla- lamina l>rm'j, (I I d/) di, it 

follow s t hat til ' la at <o ai)> oi bed must bi^ (-(inai to i)i vr 

' cU 

fV rr , wli(‘i'(* Y/' wi'i'dit of Mint \olum<‘ and ' pia-ilir 

boat. 
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(ir 



() V ()f - 


‘trn- 


^10 


() r ()t 


k (l~() (id 

vr.T tf.( “ (If 


( 1 ) 


This is the equation ior the flow ot‘ heat. TIu^ saitu' ( (inalion 

(xaaiJ’s ill ])r()))l('!ns j’el.iliiiir lo (‘IcclMr ( (Hidud i\'i1 y. lo Ili(^ 
(lilTiision of into cacli ollwa-and to niaiiv otlaa’ jiliy 

sical a j)|)licat ion>. ll-> solid i<ni is lluarfort* \\<’I1 known, and 
in (his caso tin* siinpli'^t form of it is 


0 (\ ' 'sin(y/ - jlj ) 




\\h(*r(‘ (\ ((. y and // arr l•onstan1^ some of winch can inimc- 
dia(('ly hi' dc((‘nnincd fr'oni ((jiialion (I). 

From (2) 




dif 

df' 

« 

''d-os(}'/- //.<) 


(W 

(/( V 

iir 

"Siii{-// 


//(V 

"\-n^(yl - jlv) 


-- (r\ i 
il.r 

"Villi)’/- 

FO-I 

dfA '( 


'"(•os 


iyl - " ' ' ' sinfy/ ftr). 

-///“ />")<'< "'slid;'/ jh }--] \ "h'osfy/ — ^;,r) 


So lhal (‘<j nation (1) may he wriltmi 

I mty/ /Arid- 2n/;( '( iyl /7r)^ 

ivr I ' 1 

y{\- ' 'cost^j/ yA, ), 

For t ins to 1)(‘ an idmd ity 

/F -0 

and 2n/> -y 

wr 


Now sini'(' when ;r— ly tlic value of d may h(' locaiah'd as 
the /(TO from wJiicli flic t(mi])e:atnrc is mea nnal, it folhnvs 
that (I must ])(' ])ositive and i(‘al. 
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o:’> 


So that 


</, - // 


V'fjy 

\ if 

Sul^^til n1 inii in (‘(jiiation (2) 

0 Va \ >in i^yf ^ 


'2/c 



73. Skin Temp 3rature.- -Now wlun .»* o fin* value (i 

0 tlial ioi' wlial may be ealbal the >kin lempeial mt' (»l 

1 he mi'lal eail I Ins 

j hc'lH'fore - ( Viii;'/, 

Tiii^ cal'Milat ion in ’ieal<\> {Ik* r\i.-,l(nM‘ oi a >kin b-m- 
|Mraluie III the imlal wineh and tall> a^ a '.iin[)!(‘ 

harmona' innelimi oi lin' him* willi an ainjililiide ol (\ 
Hial I'' (<• ^a\ lli(' ramie of lem|»eral in<‘ in the *>kin is I'b 
Now imaiiiiie the wall to lie in eonlaet with a Imihlv la'afc'd 
I h(' t('m|)erat iii'e of w ha h 1 1 net nates nipalK and iiniw enlv 
It is w ell know II 1 hat b\ iMiiira'r <inal\ sis t his lem|M'iat in‘(‘ can 
be n'|)res('nt ed by a s(‘ries oi smi|ile harmonii* fimelioiis of the 
time ot inerea-'iny ire(ni<'nei(‘-. In a.^as en^bme 1 he tern perat in‘(' 
of I he <_ia^ i’ises and tails about <i mean \ alia' in w hat is roii^ddy 
a *'ine f’lii N e. and in an\’ e<ise t lu' <)ddit am ol two or t hre(' npix'r 
har'inonies .should make th(' rejii'i'si ntat ion v r‘\ close Tla* 
(‘ITei t of hiyh lairmouies at 1 la' interior pa.rt of t la v' ibis how- 
ever, slight , simeit will Ik' obsi rv('d Ih.it 1 la' h * 0 ,, | it hm a* 
deerement faetor in e(piation (.‘1) b('(‘om('s more and moiv pi'o- 
miia'iit as y nieivas( s in \alia'. it w ill t la'ivforc' be sniheient ly 
accurate in t la* first instaiaa' to eousider t la' fundana'iital p('riod 
onl\ and to assume that it. causes in (he skin of the na'tal a 
tliietuation of t*’m]H'r.it uiv of miieh tia' same jiatiire ]>u( of 
I('ss amplitude and with at least soiik' la^y U'hat this ampli- 
tude and la ;4 will lx* it is im]*ossd>le to ealculati', but it is pos- 
sibh' tot akc I la' extri'iiu' case in w Inch 1 lu' ran^c of temjx'rat me 
in this skin is cf/zm/ to tliat in (!.(’ i;as. This at h-a.'-t will rejire- 
S('nt the l!n>if of w hat can occur in that direct ion. Then 0 ( 1 

sht y/ is the eipiation foi the tcmjK'rat un's both of yuis and 
skin. 

74. Effect at a Depth. It remains to investi,i{at(' how the 
rest of the metal wall is alTecti'd by this ^rcat vibration in 
tempi^rature in one of its faces. It is clear from e(|uation (.‘1) 
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that the atnplitudo decrease's wiili the depth in tlio metal and 
tlial a lat,^ arise'Nand in(*r('as(> at the same time. Tlu‘ amj)]itudc 

at aiu a.t a (Icptti.i- is (' ex|).(- h„( (' is the 

am|)lit iid(‘ at t 1 k‘ surface, and thta’edon^ t he frael ional amj)litude 

in th(' inti'i'ior is exp. ^ 

It is of inleavst to (‘valuate' this expi“eh>i{>u. 

\\ (' may j)iit ve ])>. pea eul>i(‘ hxtt , y -- IOtt corre- 

spondiDLi oil tlic fiasis nf a, two sti'oKe cycle to a sjXH’d of 
‘too r.|) 111 . rr - n i . --- (cni. .Sn tlirit 


VC'TV ^.‘>11 

- ' - \0-l ^ Ino 70,5(10 

Ik I 


or 



2(>(» 


and the ti’actioUjd amphtude r 

htac of c(Mii'-e‘ .i i> ill fc(‘1. If ,< he put c<pial to \ in. or 

A foot, (li(‘ fractional amphtude . * -- * or 0-40 of om* 

( 1550 

jau’ e(‘Ut v\ jiich r^liou s t li.it e\ mi at a depth of on]\’ { inch the 
temperat ui‘(‘ osi illalion i'- pixu't cmIIx wijx-d out. 4 'Ik‘ cur\e 
in hiy. i5S ^how-; cra])liicall\ how rapidlx the oscillahons de- 
erea>e in amplitulc. So that in as'^umi!lc the wah to lie in- 
tinitcly thick no xcry lar-i('achmy as'-umption was made, since 
for an\thiny oeer ] iii in thickncs> tlu* teinjx'rat uri' on t lie 
watei' side will juaet icall> v|io\\ no temperature oscillation. 

75. Conclusions. This matlieniatieal investigation sliows 
that tlie !( nt j)( Kfhn'v (frailicKt ftutu jan (o jm c. oj f/tc ‘fral/ yia 
piariirdll jj u mi/fcrh il (h/ {//<■ osi illdtion In IIiv (nui pid'df nre oj f/ie 
and t hat d to this jrradimit line the ahove shallow' tempera, - 
turc osi'illat ions he addial a representation can ri'adily })i‘ oh- 
taini'd of what is actually ociunrinu in the walls of a gas (‘Jiginc 
c^dinder, 44ie liiMt flow t hiough t Ik^ metal is know n, as regards 
cjmuitity, fi’om t h(' heal halance-sheid f(»r lh(' ('ngin(\ sinci^ tli(‘ 
heat taken away hy the cooling wati'r must, he (‘xaetly e(|ual 
to the Ilow’ through tiu' walls jf a .steady st<it(‘ has ]>een ri'achial. 
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Thus tin* h(‘at. How at tlio surface JJiusf ])<; 

i.fi.c [ sill ;'/ -| co^s }'/ , /t \ 2 ‘-in h 

Tho ani(J!iiit of licat Howinir por s<(. f1. limes / --- o 

and / '‘mils! Ik* | \ •» ,sin ( -/ -i ^ ) . '//" . Insert- 

y ‘ (I *“ ' 1 ^ y 

in^ (lie values <»1 (he eon'-(an1s ol tie* previmis paiayiaph 
\\(‘ Imv<' heat lh)\\ 2 ^ ^ - 0 I7(*. 'i’ah(‘ for 


10 ; 


(‘\amjih*a heat lo>>s (‘({iiiv ahail (o II P. jMsr sp. it . of sinfaei', 

(Ik'Ii heat l!o\\ in one eveh* (al ::oo I p m ) - 7->") * 0*2 

lt(Ml 


: 0 e!) pouiid-ealorie.s w hieh nia y he epnaled to 0- 1 7( \ I'lv in;; 

( V_ ;{’r> d. o . or a total ((‘iiijK'rat iii'i* o'-eiilati<m of 7 deejcr's. 
Tlii'' Jill Tk al e^ p'lierally t li.it a smaM o-eilla1 mn in the tenip(*i*a- 
t ni'(' oi t h(' iiiiK'rniost la ver <>f metal is ijiiite snffii'K'iit to ah.soi h 
and lev'i'l the teiii jiei'at iii'e o>eillat ion.-, whieh (Ik* y^‘is tends to 
set up 111 t he e\ Imdi'i* wall,-. W e ma \ eonelnde from this that 
althom.’h the t(*niperature at ajiy point of t la* w.ill.- depends 
on IIk* position oi that point, it^doe> not ‘-ensihly vjii’y with tin* 
time, that i,-. to say. that at an_\ yivi'n point tla* 1ejnp(*rat ui'e 
in th(* walls r(‘jjiains n(‘arly steady. 'Ida* wall Jiiay tla'i'efon* 
he considered as oi two parts t la* inia'r skin w hieh acts as 
an aeemmilalor of heat (*n(‘j'y\, rapidly ahst i-aet me it dmin^ 
(‘xplo-ion and eivmy it out a;;ain l.‘it(‘r ; and another part, 
eoiisi.stme ot the wliok* of tla* rest (»f tia* walk wliieh acts as 
a stead\ transmitter' of tJie heat led into it thi'oimli the inner 
layer. ' 

76. Heat Paths. A simple picture can now Ik* drawn of the 
manner of h(*at How in a ea.s eneine eylnaler; lu'at juis.ses to 
the walls liy eonv(*etion and j-adiation ; this is facilitated by 
the eoohrie of Die walls by the wat(*r eireulation. Heat 
Hows most fi’(‘(‘ly into tho.sc* parts of tla* imdal which ai'e in the 
exjilosion sjiaev*. \al\(* sealings, ienitioii hoss(*s. and ])arts 
sup])ort('d by webs tend to er^t hott(‘st, as tla* w'atrr is more 
remote and the Jjeat has l(*.ss ehanee of e.seajiin;; The main 
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How is llir-nuuii fhc inolal of ilu* wall, hut it also 

j)ass(‘s u/oz/f/ it it I fi(‘ water supply h(‘ not eopious. A certain 
atuounl of heat ]>a.ss(\s into tlie pistou fae<‘. 'I.’his eM*apes in 
two wa\s out at tli(‘ hack of the pistou, arul nulialh' to its 
('(jccand alonu tiu' ti uuk All t hesi^ heal pallis re(juij‘c st ud v, 
so that j)rop(a allowaixa^s can lu‘ uiack* for the exjiansion of 
theuu'tal. I^nioiauce (»f th(' way in which this I'xpaiision 
occurs hasksltothe cj-ackiuL^ and failuri* of a pvat luunher of 
(‘Vlitiders. 


EXAMI^LHS 


]. 'Phi <»-‘iii]ici.tt in< s oil llic t\v<t an inm plate 0 A m. linck 

(lifter l>\ 10 (' lliv. iiiiK li la ai in ('ll. I’ pa.Hsc'^ l linmo;}) p(‘r sip ft, 
p( r inimile ( 'ondiief i\ i! \ <ij iron i- OUOTt (’ll.Ik per .^fp It. pia' 
-( e. lor eaeli (jejirc ( Vni r/i.el» diop of leinpt rai tire p-a fnol of (lavel 
2. A LM^eoii- iiiioiiM lia. a ; pet itK heat at ton-lant jtn .--Mirt' of 0 2(1 
and om ai ''onoant soliime of 0 |0 .| 

(i) W'iiiil (lie law ol a.dialialie e\p;in- on 
(n) It a pound of ii 5.■^ a» '20 ( jin iirt' .VMMi lb. p,.r srp ftnif 
)N ll > ^ olune ■' 

on) A [X'lHid of e ( '.jMcd-. aet-onlm^ ht (he law I'V’* » eonsf ;ud, ; 

W lial IS ll - JMle ' >1 I eei )»1 ion of lit at 111 ( ’. M I ? 

I It. of h , fsap I 

It 'Pile efi.iiMi-lej i.-tt< eijitatioi, f. ,j til'' ( \f>a.tr-i«ai .md <'oniprer,-<ion 
<a' OIK' pound if .iir t,-. J^V 00 'P, 

\\her<' ]* - - [H’t sMU'c 111 111. per Mp U. 

V ---xo'caiut n» eu. ft. T ; O'nqie nil tire abs, in d(gr«e 

eeni i{>;rad''. 

One pound of air ( xpaiid,-. from an initial pn-.'^.siire of aO Ib. per sip nieli 
abs. to a pre.''sni e of 20 l)>. jier .‘-<p ineli abs.. i be eorrespon<tinp^ eliunpa' of 
\olume IS Ir'om 1 to I .I eu. ft., .nid*tbe mean \;ilue ol the jiressure during 
till' ('.xjian-'ton uis diduetd from a diagram) is ,‘>2 7 lb. per -ip ineh. 

I -aleulate 

(i) '’Pile initi.d temp('ra.t iin'. 

(n) 'PIk' iiual 1 empenitnre. 

(Ml) 'J'Ik' eliaiige in internal energy aiul llie beat ri'ceived or reji'ctod 
during die ebtmge trom tlio initial to tlu' fina.i eondition. 
i(y 0-1 (i'j.] 

\B. of K., 1912.] 

4. Air is C'onijire.'-.^t'd tidi.iliatie.dly from Ifi to 700 111. per .sip ineb in 
two stages, the air being eooled liniHv, and also beiwi'eii the stage's to 

n 
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till iriit mI trjfUH'rai iirr, \\ (lich js IS (’. < 'al< ( Ik- tiijcrsl.mc pirs- 

siu'c v\ijjrli will nuik( iii( Moi’k floiK' A tiiiiiirmun, .il-i* (lir work dono 
jKT lit. of .(ir, tlio liojil f.iitjod .i\\M\ Jfi jIk- (‘oohfitr w.ih'f. 

So. 'IVl|t,t^. IDll.l 

f). 'I'Ik- ctjuat ion f<tr t lie flow ol lio.it in I Ik- walla of au oiiginc i‘\ limlc r 
ioa\' 1)0 as,-iinK-<l to lu- 

k<’V V 

r to-’ At 

A and f ltoiii)_r (Ik- (waidiKl i\ iI \ a'ld (iiorinal oapaoity pK-r iitiit ^olllnK■ 
ol iron ao'l \’ til* h iii|)i rat iii at tin.* / at tla dialaimo .r ii-ojn t ho 
aiit'lac-i . Miow' lluil tho 'oliitioii fti I III-' (•«jti,i,t ioTi la 

\ \ I * o.)a !(} - nil) 

lor ;i. hat iii'iiiK* ’.ariation of •>uila<-t ' .'top* rat tiro <if ^oiia-ra,T»iio 

\’, ; (' lu-itto iIk- atirdo dcM-nl)**) Iin iIk oiaiik in tuin L it> aiiLoilar 
\olooit\ lioiti'j I’r://. ! lota o lind 1 1t* r.iiiLK- at <i ii v d-pth,/. rro\o(|iat 

IIk \alii( oi t lio nul* \ iotllnioMi /// t,- {riu /), aial find ita ii< at 
ahsoi'lii d 111 (]j* niMl iinn pt i s(|iia,r' toot. oi wall .sor tao( p, r p, j-i,,d, i |ir 
.-'onn-i’an^j* at tla- '•utlaii ht-inj.; 

! • li N- 'I rip.o, pillt;.] 

h 'I'w o o(,(ial an r. > i i \ t r-. < hat irt d to pi * •^'-llr< - l‘j and 1', r* -pi oi n, , K 
and at tii* r>.atno ton.p*'ia ni* . ai'i <onn<it*”l l)\ a -topiM'k. 'rtii 
--top-ooi k 1 ' op* nod lint 1 1 tin pn .'Min an- * • ju i !'/• d, and I In ?i . !.o( d 
\'Miniin^’; no los^. <.l hoai in-rn tin .-\'.l<ni. ^h*tw that tin p^l‘^'lllo 

JiiirtK dia.t('l\ <iflor tin attck t--^ ^'Io-.^<| js ' ^ 

[ M* oh. S'o d t ipo-, 1 !M ‘A ] 

7 . Sta-to hriojlx ill.- ^'1. pN in 1 1 ). arL'-nnit-nt w Im h jn-l jIk ' t !io si .n on k nt . 
()] o\oj-y unit of hoa.l olttain.dik- fn-in a j)od_\ at a.h-ohiio ii inporaliiio 

T, at loast a fpianlKy ^ must iillinia.(<-ly ho wa-lod, 7 , hoinyf t ho 

lowi.st a\'aila,hlt t otnporal nn*. 

lioat onr’iiK t<dvo,-- in htHi 'I’li. I ■ at IM* f a.n<l rojiohsits boat to ,1, 
hoi|\ w hoM toniporalut* ri o- I h'-tMiv '* I’h I . ot h* at .ilnia h. d. 

1 1 t Ik- t<-nip* rat Of . oilh.-hod\ ninitialK h'l ( .-how that (honia\i 
nntin \\ ork w lia-h t Ik- . noiiK- - an <lo la J h. 'I'li.r., a.nd that tin iinaJ 
1 (-inpofat iiro ol lilt- l»od\ will thoii h«- (' 

j 'Mol li. So. d'npo-. Pi I .'5 j 

S. A soniMiilinil o solid is initially at y.oro l.-niporal nro. If- plano 
laoo .1 0 J,, .sudd* nl\ raisod to tonipt ratiiio //„ and is iiMintainod at 

that tt nip* lat nn . Show that aitt-r / .si-oond.s (ho (oinporat nr*- at a 

depth .t i,s ji fuiiotion ot a.nd Imd .1.11 <-.\ itr.-x^ion lor the toinpora- 

tun-. Show Jiirth*!* tliat at iiiik- / (h<- {<-inp(-ia,turo yradi* nt a.l, th*- 
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.Mirf.uT j- i> IS— when a , h I>< in^ tin coiuIik { i\ it \ , t tin 

'V "dt '■ 

s|H'rlJi(' .‘iitd f> t hr <j(n-ll\ cl tlir nM,lrri;iI. 

j.Mri h N-. riipcr,, IIIIL’ ! 

h. A<in.i.n1it\ ct l}c:il (,> |>rt unit Mti.i i- .--nddf nl\ ('"uitimu'r.it rd tc 
tlir jdarir tnrr nf ,i .-did si.d) ‘*1 rn ;il t liirkm I'rc\( tli.it llir ti'iii 

] ( lat tirr / >-( rciid> l.iti I .it .1 dt (|| I) w it iilli I hr .-I'li*! Will ht 

.t (,) \ ' , »<' 

^ IJ 

w lirr»' A 1'^ (iir tJurrual rcmlut't i\ il\ , < th. th'imal r.i|)<irit\ |n r iiiiil 
\ cl'Hur. and r a ( cn-t.int 

i *lct .1 ('iir\'i ' cti cm\ rcr \ ( iiirrit -.-.d-' -ht w\ ini,d h- ■ I rtrf x r.d iii'r ilist 1 1 
hin n iM 1(1 t !i' .-did <d iitr, tmn. ainl s|i.»\\ inau thi- < iirvt* that -r 
0 ti(',ir’!\. 

ni <'h. S< '! npc I'M I.] 

O'. l''a\’ t hr r’*i 1 cj ,\ ~( ( tiipi ra t ui’t diat'tain Ici an idrai ^a'- i'n^Min 
w > it'K II ic c!i I hi ()itcr\(l" and rcnpan it w it h i h» iitalai diagram ct 
Mil saint ( \ ell whin (In |X(jlii (n at.- .iir Iniirticii-. ci I iir M ir(M i it iii'rs 
i-a\'n h\ ( ,, .7- j Itriiij.' tht ah,-clutr trnipriaf iir(' 

Ccinpai-t (hi‘ rllii a iirir- in i hr Iwc ra.srs 
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The C rUS 

nr '1 \ 1 I ~ iM l’'<!\r Himciil'In I'i mi' 

< . \ " i im.i M \i ! I II' ip- (It I M I'L. »\ I \ ' i I I l< I I ^ 1 , K ill. \ in US 

\ ^ 1 1 I \ i •(' \ i * 1 ; 1 >1 \' u \ 1 ' i 1 1 \ I I . \ I \ \ < I ' r I - i I 

i I "'1 " < •> ■ , ii; M \ i ( ^ I ' M ! m: ! I 1 M.i ! s I : \ i \ •.< i \ * , 

77. Modes of Action. I’Im i\\\vi • idea! ( \ I ’fs uj ')ju ra( .on 

a!(‘ 

< ! ) < ‘i mutant juvssiice r\ < )e. 
i'2i < *< ui-1 a fti ' ' ilniuf i \ ri'- 
(.i) ( 'uii'-tan! U n.jMijit \\\c v\ ( ic 

\n(l an eiii'iiie on 'Hi<‘ nj lln-.- iiia\ i ’'.-i ■» 

( 1 ) d^Ul-s{ rnk(' ciiauii oi 
{ 2 \ Kiur-sf leke engine. 

\ti(l il Ilia \ ! art lu r Ik- ei( her ' - 

( t ) Siiiifk -ael n n, or 
(Ld i ><ai!»!( -iK'tiii.LT. 

riiis lead'^ In a e()ll^iderah](* vai ief \ of ly)H‘a alllmueh fiill\ 
so per eont. -af tJa* inlernal < o,,iln{s| ion (Mirani ^ in tin* \M>ri(l 
work nn 1h(' (-oiistaiif volume <‘\ele, aj'e four ^troke am! sjiink*- 
aeliny. The \ arioiis e<iml 'uat mii^ ai-e s(‘j out m the iollowi.ij 
table, and the names of the mor‘e importani of the r<*pres( !it a- 
tiv('s of f ai'li (‘lass a]-<‘ ^iven. Soi*,.- . n^'inev, sueli as tlie 
Humjdirev Ihimp and ( tas dhii bines, do not hill into anv 
distiiiel class. 
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Tntoriml Corn fmst ion Engines 


Constant rressiire CVde Constant Volume Cycle Constant Temp. 
I I CVcle (not used) 


Two-.stroke 

1 

1 

<’our stroke 

1 

1 

SmgU'- 

J lonlilo- 

. 1 

Siiiglc- 

1 

Donkle 

acting 

nctiijg 

act mg 

act mg 

(I)ic'4ci 


(Dk'scI 


oil 


oil 


oTigino) 


engine) 



'I’wo stroke Four ^.troko 

(C]('rk (\\(‘]o) (Otto eycio) 


Siriule-uctmg 

(OechcDiaUhcr 
gas eiigitie and 
some ))Clrol 
«‘ngiiu>s) 


I)oul*](' acting 
{Kocrling gas 
engine) 


Single-a( ting 
(ino'l common 
form of engine, 
(hi. |»('l I'oi or gas 
Manx t\|)e^) 


J.>oul)l('-acting 
((^(ckerjJI and 
Sex'era] othi'r 
large gus 
engines) 


Tlic r(‘lation liotwot'Ji ilic inaxinmni nuiiilx'j- of cAjilosioiis por 
and the nutahrr of ivvoliitioiis jiur mimip' d^H jids uptm 
the (‘lass lo which tli(‘ (‘ntriiu* ]>(‘1 o]i^ls. TIk* font- stroke^ 
actiii^ij eiitrinc h:t^ ofic cxjdosion. and Ihcnd'ore on(‘ working 
stroke for two cnpiK' n^iolntioim ; the foiir-strokr doiihli^- 
tictinij juid the two-stroke sliigk'-aet iiig riiointLs liavf' one 
(explosion ])(T revolution, and tlx* two-slfok(‘ doiihle-aeting 
engiiu's two working sirokes ]K‘r Txwolntion. as in th(^ (‘as(‘ of a 
steam en^dne. 

Praeti(‘ally all l^'is t'lmines work ojj tlie (‘Oiistant voltimt' 
cycle, soinetinu's two-sttoke hut more oftcai foiir-strok(‘ ; the 
formcT is commonly kno\\n as the (derk uyele and tlit' latter 
the Olio ev'el(\ fnnn the names of those who first sngg(\st(‘d 
them. 

78. Typical Otto Cycle Engine. A typical insfajiee of tlie 
well-known Otto eyeh' gas engine is sh<n\n in section in Fig. 
29. Oas and air enter tlirongli the easting (J, and pass the 
inlet valv(‘ A (op(‘ra1ed hy earn arrangements not shown in 
the figure). As th(^ gas and air caiitT, the [liston 0 moves 
along tlie eylindm-. being drawn by IJie (‘ommeting rod 1) 
attached to the eiank-shafl K. After the gases liave been 
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THE CAS ENGINE 


lOr> 

allowocl to fill flio cyliTKl(T tlu^y are conipresst^d on the n^tuni 
stroke of the piston, are on the iniKT cleatl-eentre, 



Ctrs Engine. 



10(; TWV: lyi'KliXAI. (’OMlU'S^rKiX KN(;IXK [cum-, v 


c\});ui<l (Iciiiu and on llic ('.xhaii'^f slrokc tlx- (‘xfi.niNj 

val\(‘ l> ojX'Hs 1(1 allow Ihctn lo ('sca jx- ini o 1 lx- .silcix (-r. I’lx- 
cylinder i.s k(“j)t i(-nf ly cool, to cnaidc it (o lx* liilirical i-d. 

hy m(‘an^ of a cii’ciilal i((n of walcr in tlx- jackt f spaci^ 1' 

79. The Origin of the Clerk Cycle. 'Dii^ cm Io was iii\ (ailed 

SOUK- yeaia afha- the Olio !»\ i)n«jald ( 'k il wfx* pave llx' 
follouinp d('sci'ij)) ion of il lo 1 he So('X-1\ (»! \rN in ■ 

In llx' 1 1(-rk eniiine I he nioj o!- (• \ lii'ul.-i Ixid a I llx lumt eixO 
laiye [lorls l(‘a(liitp into an <oini(!ii sp.ac', t[ie-(' I'einp llx- 
<-\hans| ports Tlx- e(»itipr('^,.jon vji.j.r wa- conicak aixl llx- 
eharLX- was '^ent in )>\ nx-are <*} a paialc pneip hit li I 
ea ll(-d I he disj)lae<‘i', ‘I’he at I xxi < <f llxMaii-nx v.\ a - a^ follow s 
W Ix-n the pis|f»n l-oI lo Ihe on* eixl '»] it^ ,v|’'ok,e, aix! Ux- 
ei'ank was ero'^sinjj the out {enli-o the pelon o\(aiait I lx- 
exiiaiisl polls (tn (lx- onl -s| r( >k<'. and t'tVei'ed ihem on tlx- 
iie.slrokt'. Ah-ant niH- I he pump oi I he dofda'-fr pi.-t on whxh 
W'as allaeix'd !<» a < lank <i1 nphi anvle-- in a(| \ aix-e ol 1 he mam 
(-rank, was swt'epini: in and Liiximj il- eimiia- a sji^hi <'oiiipt‘(-s- 
sion. That eharpe pasM-d Ihroutih a ('(mixtim:^ [Upe arxl 
Ihroiiph a elx-ek \al\e into Ihe (‘<m’xal end doplaenm Ix-ioiv 
il all I iu- eoi lien I.s of ihe ( _\ limh-i \\ hen tlx m<iin crank hatl 
relni‘ix-d ahoiil lo demx-t-- ol its < nde mxh r the et-ntie. llx-.se 
jioi'Is w('r(‘ I'lteed It ojiened ahoni -in (le-jree- aho\‘- aixl 
closed -lo depnce.s nnd(-r and in that time the displaet-i pi-loii 
had poiu- inlly in and di'<'|iari!ed it-' eliaipe into llx- cxinxh-r 
and eoinhnstioii sp.iei- Ihhuiiih Ihe lift \al\(', 'klx-n llx- 
nioloi’ pisitm eonipres'.ed llx- cliacj'-, and i-iiiilion look place 
at llx- ina-nd ol Ihe stroke, jii'-l a,> m tlx- (Mlt* ly-le The 
ohjt-el of Ihe in\(-nlion wa> lo t-nahle one nx»tor c\imder lo 
piva- an impulse at eveiy r<‘Vo|iit xoi. In llx- Olio c\cl(- llx-ri- 
is only oix- impulse foj- two revtdiilion.s >o faj- as Ihe main 
eylind(-r is conce ix-d d'lx- (T-rk (-npiix- pa\(' oix- iinpiilsi- 
lor every revolnlion of I ix- main (rank in the main c\lmd('r. 
hilt lo make that possihh- it was ix-cessary lo pro\i(h' an 
auxiliary crank and displaet-r (-yliiuler * Tlx- idi-a was. of 
eonrsi-, to diminish llx- irrepulaiity «»I tlx- Otto cycle hv havinp 

* ( 'iMiikca.sc cotMprf'-'-infi h now r.»ll\ adMj»t<'(l lor small lw<t- 

strnkc ciipincs. ilk-rclw avoniuip tlu- iX“Cl■'^^ll^ Inr a sfpa.r.itc (lisphircr 

(-•\ liixk-r. 
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an at ovcrv rcviJnt ion. or nion fi‘<a|n( til ly. tliat to 

,sa\, tuij ]ni(Mils(\v; per jcv oinl i<ac ohlaiiUHl l>y inakiny 1 Ik* 
(‘nyiiKMloiililr^ a< I iiii 2 'I'lir ol)j( ('< wa^ to L*‘*t \'vy\ nnich naa'i' 
])o\oT i<ii‘ a LTivrn wrii^hl of cnL'ii lla* {ninip was Imlit 

and oiil\' r(‘(p[iirfi to doaJ willi Os 'dial ac at a low pics- 
sin(‘ “ 

80. Lar^»'c two-sU‘oke Ent^inos. 'idii'i'- ao’ two writ kn<w\n 


^ ^ c 



r’iC ;{(» hi.iiaiim of Ko) rt.ii.v . o'i /■’. Iii(> i \ ;il\os, < I 

\ oi’ - 

(t'diiic ol lai t \\ o-v j j (d o cii'jiii*'- i»o| ji ( .ci man in nr loni. \ iz . 
If)*' Kni'ilniji and tln' ( >«'« In Ilia maa 'Ida loiaua o doidrk'- 
<ulinsi aiid tin* laitm' .'ihiih'-anf mo In ij,, Eomiini! citL-inc. 
illiist rail'd diyiaiDinal n'all\ m I’da pinion A i- iimi^nalK 

Ion j/, and k\ aht'inatrK .nxtrini and nn''o\ crinu t 1 m' cxlia ii'^t 
port i' It ^rlt \ pai1 ol tli<' \al\'c ij<ar Tta nii'dnrr* ol jias 
and an’ i- admilK'd di tan.i 1 1 ‘!\ at I*, and li.lrom the pump 
(‘ylnidci. li there !n pe-1 laan an (‘\pl(e -ou at ‘ 'd hand 
■*nd oi the cNlmdci thr p/'^lon will neiM* to t.h.' I'itilit and lia' 
liases w dl e\ pa nd. doiiiL' work lt\ tin tinn t he jUvidn ||,i - i/ni 
If) the end ol the roke, it will ha\<' lln^o^(‘red tk* e\haiis| 
port tk ami tlie hurnt yntsc"' will ni-^h awa\. At thi' pnnil 
theink'l valm- Ihi ojcned amUre-h air and yas arc* pmnped 
in, ddii^ fie-li eharLa* i- eonipi'essrd on the l■e^u^ti .^Irokt' of 
th(' piston ami !Lmit(’d, as Ix'tore, on the dead point din' 
same (‘\ele ol e\('n1s ^oi‘s on at the liuht hand end of 1h(‘ 
evlinder, ''O that tlu're is an e^plo^ioM at the imhl-hand end 
when ( ' m nneovi'ri'd in tlie ieh-lemd end and \ !<*<' \er-a 
ddic' piston r(‘eei\ <'- t herefore j ii.^t a^- nian\ ini[)nlses as a steam 
enydiK' piston. 

An ol)\'ioim diftieiilty about this method of working is that 
some of the iiieommii iias may he eaniilil 'i[) fry, and pass 
awav witln iheexhaimt prodnet'' and hehrst. ddii*^ redm'(^s 
economy, hnt is of litth' importanei’ when working with what 
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ai‘0 knovvii as 'irnsfe tis these are ])rcKiuced in iminenso 

volume and at jiraciically no cost. 


yvf- n,. \ rr. 
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has h(‘('n iu Ihi* pivvions cliapU']’ to tlip, 

(pK'sfioii of pi.^lon and o\iind<*f wail Icnipcral iii’os, nnd it wiJJ 
1h(‘r('toi\^ Ik‘ iea(lil\ understood that in stall a (*>(*](' as this 
th(‘ Jicatinix olfeet of explosions so closely following t'acli other 
will he s(;vere]y felt and hi,L;,h leinpta-at iiri's are iikt'Jy to ho 
re.ichtal hy all parts optai to iht* yases. 

In th(‘ ()e(*li('lha user laij^ine shown in Me .‘h‘h there* are two 
p'stons which are so e(unie«*te<l to th(‘ era jk--h<ifl as to move 
alt(*rna1ely towards and awa\ fi-emi mie anotlier ' Air is 
atlmitled Iroin the pump cylinder throiiyh Uk* hole's (\ in the- 



t’a; ;j;! I M.t'ji'niu of e)or-lifl!ia'! -cj iro'einc I) (’ <’ no* M i/it^ Rtia 

!\ (' R luo Kftnru f'onuci tuiij; I(o<l’^ . Air lailcj , b\ it t_\ ((, 1 ., 

nt 1) ; t;\liaast at B. 

walls of the cylinder, and yas throuyh lhe‘ heih's at 1) as the 
piston, A,, uncovers them in turn The' mixtiiie is the'ii 
coiiipiesse'd hetwet'u the two pi.^ioiis as the'\ ciiine* toee'thm’, 
iyniteel at the dead ])e)int, expan. le‘d duriny llu' (*\pansinn 
strokex anei then exhauste'el hy the lUHoxerlny of Ihe^ e*xhaust 
port l>. riie enyiiK* is sinide aef iny so that emh’ half the 
horse-power is ohtainahle* a< < omjsoe { wit ii a Koertiny ('iieme' 
ot tlie same e*yline{er dimen ions. Hk' pl-^ton A. we)rks 
directly on to the e rank shaft as shown, hut (he jtiston A, 
lias te) liave a sojiarate' cross-heaei and two lony re'turn connee*!- 
iny rods. The halaneiny is yeuaj, as the two lieav^y pistons 
balances one anotheT. The* ( tohion-lhilt/e* and an eaily form 
of the Arrol-Johnson motor ear e'nyines workiel in mneh tlie 
same w'ay. The enyine. in\ented by II. F. iMillayart ana 

* S<i also (li.iciMiii (iij p. las. 
t JL \\ I’ultic ir. /•/,„. /. 1/./;., plj^l. 
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known by liis name also bears a <^eneral resemblanee io the 
Ooc h el 1 1 a use r t y } )e . 

Thai there an^ dinieulties io be overeome in ihe eon- 
stru(*tion and workin.f^of lari^e ^as engines, partieularly those 
working on the two -;^trok(' evele, is shown by the history of ihe 
generating station for lighting and iramway work wliieli was 
establish(‘d some years ago ai Johannesburg. Tlie ])lani was 
operated with Oeehelhauser gas engines driveji by gas from 
Roidter producers using Transvaal coal. Eroin the begin nijig 
many dillieulties arose in ihe oj)eration of this })lant, mainly 
on a(‘, count of ih(‘ lack of recfuisite ex])(‘rienee in the manii- 
faeture and operation of simila]- installations. TJie cost. j)er 
unit is report erl to have beim higlnu* than was antiei])aied, and 
the f)lant has sinc(‘ been shut down. This oeeurr(‘ne(‘ nnist 
iioi iaketi to show that ( )eehelhaus(‘r engin(‘s are unsuitable 
for heavy work, ^inc(‘ in numerfuis ])Iaces on tlii' ( ontiiami 
engines of tliis make ai’e working well. 

A large installation oi gas taigim' pkm< in this country is 
that ai the Cargo kJeet Iron Co's work^ jit Middk'sbrough. 
It consists of six Cockerill engines, built by ]\l(‘.‘.srs. Richard- 
sons, \\'estgarth Co., of 900 M lb (‘ach, ora total of r>,400 H.IC 
Th(‘se engines work on th(‘ Otto (‘yei(‘, but by having double- 
acting iandem eyliiuhTs th(^ crank gets just as many imjmlses 
as in a doubl(‘-aeting steam (‘iigine. 

81. Other Types of Engines. — TI kuc are a number of Rritish 
and foreign makes of engine (e.g. the EhrharJt and Sehmer 
engine) which w^ork on the four-cycle double-acting principle, 
giving an explosion per revolution for each cylinder, so 
that for two cylindei’s [ikued iandem (‘V('ry stroke is a 
working stroke jusi as in a steam engine. With tlu^ tandem 
arrangement there is the advantage thai the motion tow^ards 
each dead centre is always accompanied hy a comjiression 
stroke ; this leads to a cushioning action w hich is usedul as an 
aid to overcoming the inertia effects due to ihe moving jiart-s. 
Engines of this t ype have met with mnchsiiccc is,thus Maihot,* 
waiting in Gas and Oil Pt,wc)\ stated ihat : “ A 600 H.P. double- 
acting Ehrhardt and Sehmer tmgine, with tw'o tandem cylin- 
ders^ was te>sied, w ithoiii pirevious cleaning, after four months’ 

* DcccjnlKF 15, 1900, 
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confiiinoiis work with poke ov(‘ri ^as of from 4, ()(><) to 
palorips ; tlio trial was caiTi(‘(l out by the inaktu'^’ puj^iiu'crs 
under tlie supervision of K^d. Heririns] art ion's emzima'r. 
Tlianks to a lar^u‘ trasonu'ter. tlu‘ record of <^as consumption 
wa^ taken for a pc'riod cd one Imur. The nuadianical (dbeiiuicy 
was S3 ])('!' cent. 'Idic en;;ine was new and was teshal on a 
normal loaf). The dinuuisions of its pistoii'^ atid piston rods 
w(‘re n'sp(‘el iv(4y <’>-0 mm. and 1 7t> mm, VaO mm. stroke, 
and laO ri'\ olul ions. It just reaelual K\\’., t^onoratin^ 
t}ire(‘-])liase eurreni In tlu' (*ofiditi(ms of 1h(‘ tiial tin* adital 
tiK'rmal ellieieney was more tluoi 3! per cent , or neaily 37t> 
per cent of that indicated. Tnfort unat(4y, similai' trials to 
this ai’e i'ai‘e b('eau-e irasouK'ti'rs are not usually sulIieirMitly 
lai',n(' to m(\asure tlK'oNact amount of ;ias used b\ t li<* ('iij^ine," 
Allot h(‘i’ weIbknov\n type is the Premier g’as engine. Perhaps 
its most familiar fealiir'e i^ tin* scavenging cd tla* exhaust 
products 1>\ nu'ans of an air blast It lias bean stated that 
this blast is <*apabl(' of k(‘(‘ping th(‘ cylinder mti'rior almost 
fn‘i‘ from deposit evmi wlum working w it h bit uminous find 
gas plant .\:i ac«*omi( has been pidilished * of a H P. 

foiir-eGiiider gas < ngme by tju‘ Pramiiiu* tki'! l^aigine Co, 
whieli v\as eonstruetod for' diri'ct coupling t(.> a eontiniious 
eurrxMit g«-net’at oj’ and f - m^-isted ol two sets > f tandem \ hudr-rs 
W’orking on (tanks set at ISO d(‘gi(.<s afiart A louf-sitok‘ 
ev<‘l(‘ was employed, so theri' were two Wfa’knig strokes per 
revoluti(Mi. A seavtuiging charge of air supplied from a 
separate air (ylinder at about 3 lie per s(pjar'(‘ nieli was u, -.<•(! 
to clear the cylinders of waste* pr‘(»duets. All the* valves 
W'e*ie‘ place'll on the cylinder eove*rs ; pist(»ns an'l e*\haust 
Yalve*s we re* both wat-er-eooled. It was stated t hat , e>pe'rating 
on produce*!' gas, a e'onijue'ssion ])re‘,ssiu'e of I4(t lb pe-r seprare* 
inch could he used without any diltieulty whalcve'r iVom pre*- 
igiiition, and that a te'st on the- (‘ugin* showed the* nu'chanieal 
effiei(*ney to be* as much as S7 per cent. 

82. Tlie Humphrey Gas Pump. One* of the mo.sl re*markable: 
a])])lieations of the* inte'rnal eeunbuslion principle is se*(‘n in the) 
gas puni]) inv(*nted by If A. Humjibre'v, .ind deseiihe'd by 
him at a meeting of the* Fnstitution of Mechanical Kngin«*ers 
* En[p)minuj. Jan. ll, 1007. 

I 
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ill liMil). It-, (liicf f(Mhiic ’\> till' UM‘ of a suinjiin^ (‘oliiinn of 
\\alfr in j.l.n'c of ni'^lon an<l coimrcrmu rod, llu' iijijinj faci' of 
tli(‘ water r<tiunni lakin.ii lla* }>ia<'(‘ ol tli(' j)i>ton la(*(‘ 

TIk' tollowin^ oxirart from the in\ontoi‘s de-^ciijitioii * 
iiiake^ his purpose ^ kair : 

idea of (‘Xplodiii^ a eomimstibh inixtmx^ of ^as ami 
air to prodnee ])res.snre on the Niirfai'e ol waler, w it h t he ohjeet 
(d rai-^iiiL^ tlie water, i^ of <‘onr-e not mwx. ami attcanpl,-. to put 
this idea int o pra el !(*(,* datel>a<-k to IStiS. 'Die eiiort s ha \ (- all 
keen dmatedtoo inneh aionu tlu^ lines of ordinaiy jnnnp-', in 
so far that the water lifted ha- always Ixmmi forced j.ast a non- 
return \al\e. and tla.' op«*iati(»n <»! such a \alvi‘ A\ith the 
(‘\jilo-i\e lone I ehind it ha- ]»een ine\itahly di-ast roii'-. In 
thc‘ t'\'p(,'s ol pump- inv(‘nted hy llie author thei’i^ i-, when tlu' 
(explosion o(‘eu!-. a lnll-h(»re pas-aiii* Iroin the eoiidnistion 
ehandier to the tinal ontlel. al-o some of the water punipt'd to 
a hiedi J(‘V('l l»\ theeheie\ ol 1 he ('Xplosion i- allowed to return 
aeain to eoinpri's.- a ti(*sh e<»mlm-ld»le eharee W’lit'ii suihhui 
ehanee- (>f veloeii\ oee.ir in ma-ses of a luany and iiieom- 
pressihle liijuid like watme .unait diftieiilly is found in eon- 
trolliiiir the moNiaiient ol th<‘ li<|uid. All such ditruiiltu's art* 
j'(‘mo\ed in tht* author’s pimijis h> allowing the mo\emeiits ol 
iupiid to eonirol t lu* pump and h\ eausiiiL: tin* mas-, ot lupiid 
moved to he sullie!'‘ii1 1_\ larae. s<» that the vidoeities art* n(*vt*r 
(‘\('essi\e, 'Die mas- ol water forms a penduluiii which swings 
hetwt't*!! the hiuli and low h'vel, and. hy it- mo\t‘im‘nt alont*, 
servt's to draw in fr(*sh walt'ie tt> (‘xhaiist the hiirnt ])rotluets, 
1t) draw in a fresh eomhustihle eharc-e, anti to ctmpirt'ss the 
eharae ]»irvion,- to iLOii(i<»n Willi the mo\eiiu'n1s of the 
litijuid tpiitt* iinrt'st iMinetl h\ ,in\ of the usual inechanical 
ai>}»lia!Kes ihert'sult i- a pinn p w hi<'h w orks w it h frt'edom from 
shock ami noi-e. ami which retpiiie- \ery tew wtirkmir parts. 

“ 'The suhject attain- a witler -,eientiti(' iiitert'st Iromiht'lact 
that, the a]>paratus follows a cyclt* in which the expansion of 
tlie hiirnt products is earrit'd to atmospheric prt'Ssurt*, and so 
invoKes a t hernmdynamit* eyt'le of izi-eater (‘flieieney than can 
he claimed for the Dtto cyclt*. 

;it is stated that tht* ]>um|) is suiiahle for working with 
•1' ]*ror. / M.E.. IIKM). 
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exhaust valves to the eoinhustion ehamlxM’ aiul the outic't 
valv(‘s froin Ha* suction water-laiiK. The use of a {|ywhe(‘l is 
not necessary, since (lie reciprocating water column ])ei‘fonns 
also th(‘ i]y\\}»ccl function. 

'I'hc cycle followed is a (“oii'-tant, voluiiK* cych*, hut th(^ 
stroke's are* not all eif oepial le*nirth 'riie* stroke's are, (I) a 
lemc stroke* during explosiem and e*\pansion, (2) anothe*r loiif^ 
stroke* eluj-in;^ e*\haust, (ii) a shoit s| re>ke* elurin.s; suet iein, anel 
(4) a still shoi'te'r >tie)ke‘ eluiinj^ e'ompr<*ssie>n. 

A simple feirm of this |)ump is she)W'n ehaj^rammat ieally in 
:ir>. 

Imagine a. e-harta* of jras anel air to he e'eaujire-sse* I at the* 
top eif the* eMunhustion (*hamhe‘r in the* space shown and l(*t it 
he* tiresl hy a sparking pluir, iu)t .^liown in tiu* diayi’am. The* 
exjilosion pre*ssui'c elri\e*s the* wate-r euit of the* eeunhust lem 
chamher and sets the* whe)le* wate'r e*e)lumn in the* elisehai’^e* 
pi])e in motion. As t he ,<»ase*s e'xpanel t he* kiiut ie* e*ne'r;iy e)t the 
nmvinc wate-r ste'aelily ri^e's, until the* itasv's arrive' at atmo- 
splu'rie* jire'ssure-. The're is the*!! nei furtlie'r eliivin^ feii’e'e* ein the; 
Wide*!’ e‘e>lumn, hut eiwinii te) its kine'tie* e-ne'CL^y it continue*s to 
nmve* feirwarel anel the* pre-ssiii'e* in the* e-omhustion chamhe*!* 
sinks heleov the* at me>sphe*rie* pre*>sure, sei ope‘nin^ the 
e-xhaiist vaUe* anel the* wate'r eiutle-t \alve's fre)ni the* sue*tion 
tank. Wate'r rushe*s from this tank inte^ the* elise*harya* ])i}>e 
anel inte) the* e'omlmst iem e'hamhe*r. Wdie'ii the* kine'tie* e*ne*r<^y 
e)f the* meivin;]; ceilumn has e'ntiie*ly e*\penele*el itse*]f in feire'ing 
\vate*r inte) the eh'live'ry tank anel in e)ve*rce>ming the* frie-tiem 
due te) its motiem, it e*e)me*s to re-st anel ^raeiually starts to 
swing haerk again until it rise's te) the* up])e*r jiart e>f the* e/eim- 
bust iem e*hamh(*r anel e*le)se*s the* <*\haust valve* hy irnpae*!. 
Jts flirt lie-r meitiein is arre‘ste*el hy the cushieening etlce't of the 
hurnt pre)elue*ts trapjie'el in the ea)ni})re‘ssion s})ae*e, anel graelually 
the watcr-penduluin begins te) swing hack again, ope'iiing the 
inle't valve and drawing in a fresh exple)sive charge whieh ein 
the return swing of tlie water is compressed, and, at the 
deael-pe)int, tired, so bringing a fresh e*ye*le e>f events into 
e)p(*ration. Thus the ])uinping continues. 

A test by Unwin in IDdO showeel a ceinsuinption of l-Otkd lb. 
of anthraeite in the produe*(*r per ])ump H.P. hour correspeind- 
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in,i^ to B.TIi.U. [)er P.H.P. hour, a very satisfactory 

result. A Jarge laittery of these pumps was subsequently 
ei'(‘ete(t at the Peservoir * under a guarantee that 

not mor(^ than 1-1 lb. of anthracite ])(T IMf.P. hour would be 
(•(uisuincd [.at(M’ still a vcr\ larg(‘ plant has be<*n constructed 
for Kgypt 1; tMght('en pumps will Ik' lu^eded. each capable of 
(l(‘Ii\ ('fiug 100,0(0, IMM» gallons jkt day through a lift of l^Oft. 
The conihii^t ion ehaiubcrs ai‘(‘ <S ft S in. in diametiT and 
about 11 ft. high. 

83. The Gas Turbine.- 'I'h(‘ gieat M!c(‘c.ss ac]jiev(‘d by the 
si ram turbirx' has naturally lc‘| inveabors to nuike numerous 
alt«'mpts to devise a gas turbiixv and so to i(‘ap t h(‘ joint. 
a(l\antai»(‘ (»f th(' high thermal (‘ilieienev of tla^ gas (miiim^ 
and the cv(*n rotary motion ol th(‘ steam lurbimv A gas 
tiiihiiK' may he defined as a turbiiu' in whiedi a. gas. usually 
a [U'oduct ol combustion, with <»r witlamt an admi.Kturc! of 
st(‘<nn, is the working in(‘dium. ddns medium sulhu's, how ever, 
from thi‘ dis.-uh antage that it is not condensible as is sti'ain, 
and it is not tlau'clort' possible* to obtain tlx* “toe of tlx* 
eiiaLuam unle,-,s ilx' exliaust products are* ehawn out by a 
jmmp (111 w hie h ewont eare* lias to be* take*n that the gain due 
to incivasesl (‘\pansion is not e)verl)alance‘d by the work of 
pumpmr). 

tuis turbine's are* <livide*d miee Iwe) main tvjies, those* in 
whxh rombustion occurs at e*e)nstant })r«*ssure aixl the>s(* in 
which it ocemrs at. constant vedunx* ; the latte'r are- known as 
<‘Xplosion turbine's. Hybriel mae bines ope*rate on an inter- 
nx'diate* e\rle* aixl share* the* feature's peculiar to lioth. 

Much ol tlx* eiilliculty in all types of turbine is the burning 
of the* lilades eiwing to tlie l^igh tern jx*rata ire- of the gases. This 
temperature is rexlucibie by the aelelition of steam, but, unless 
this steam is afterwards condensed the latent lieat in it is 
lost.. 

The number eif gas tmbines hitherto built is very small. 
The first, due to Pe'ix'- .Vrnx'ngaud, was begun about 11)04, 
and gave as mu.-h as IlOO l»>.|j.l>,but tlx* <-nicimxy uas ^rry 
low. It opciated on the* cori.-:lant j)ri‘'..>mf* iumiiod 'J'hc 

* J-’i-hi I t, j!II‘}. 

■f ! lull Ki.ijtit, ! > .luuf* 24 , 1 X 14 . 
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next in ordor of time was the litlle explosion turbine, giving 
css than 2 II. R . designed })y Karovodine ; de'j)ite its small 
dze it promis(‘d well for small unit work. Tlu^ third w'as the 
1,000 11. J*. e\j»lusion turbine of Hol/warth’s whieh met with a 
:air amount of su( (‘{‘ss,* although it did not yield more than 
lialf of the 1 ,0ti0 II. P. it- was d(‘signed to give. 

Dugald Pl(‘rk * thinks there is littk* ehanci' for th(‘ constant 
[UH'ssmc' t iirbiiH*, blit that Ixdtoi* prospects li(‘ Ixdbre th(' ty[K' 
)f tui'bine in which su(•e<^s^iv<‘ gas (‘.xjilosions projud jets oi 
water against tlu^ vani's of a wat(‘r turbine and in w'hi<*h 
lh('re is (iK'ridore no contact <>f llanu' and black' Norman 
1 la vcy t considers on the* other hand that bia<lc tenpicrat ure, 
L'vcn wIk'U in dirc'ct c'ontact with llanu', can be* Kept within 
iminaeeabic limits, so olhaine prospc<*1 (4 su(‘c»‘s^ foj a 

constant pic'ssure mixed (steam and aa.") (luid working at, 
vcM’V low pressure's. 

.Modc'rn stc'am turbines work with slc'am which is hiulil\ 
supc'rheatc'd and whicli is ( hcrc'lon* in t he stiOc'of a iras and not 
a vapour Such turbine's mav t h('i'<*forc h<‘ «allc<l ea- iiii lanes, 
although not on the intc'inal comiuistion jirinciple Such 
“ c'.xtc'rnal combustion gas t iiibinc's,’ if so they may becallt'd, 
may prove too successlnl Ibr t lu' competition of thi' intc'rn.d 
eomhustion turbine', e‘sjK‘ciall\ if. <»w ing tei t he gre-at improve-- 
me'iits bc'ing t'dV'ctc'd in steMin boik'is. 1 he* ('j|icicn(*\ eif the; 
latter e'an be' bi'ought up to tiu' k've'l re'ai'lic'd by the' ga,s- 
preiduci'r. I'his (jue;‘- lion forme'd a part e>f the' siibje'ct, of Eer- 
raiitfs "dames Watt Lecture,’' J and tlie^ following extract 
is epiote'd ; — 

“The speakei- be'gan (‘Xperime'iit ing seune ye'ars agei, and 
had now, af(e*r many failure's anel the e'xpe'udit me' ed much 
rnone'V and time', produceel a turbine' which at the' highest 
te'mperat lire's and with gicat and rajiid variations of te*mpera- 
tiire was epiite fre'c from me'chanical troubles. 

“ In this turbine the ste'.im was supe'rhe'ate'd initially, anel 
aite'r the lirst ('xpaii'-ieeii and while' it wxas still siijH'rheate'el it 
was re-suj)erhe'ated hedbre; it elid its we)rk in the seeoiul stage 

* Itritbh A''su( i.ii i(iTi, HU2. 

f The OVi.v Tmh'nn, ID It. 

I Tlntis, .I.'iniuue 22, IDl't 



(Ml \J’ \ I 


TllK GAS KX(;I\10 


nil 

of llu‘ turliino. Aficr tlu^ i1 was oxliaii'-ttal in a .siijuala'alf'd 
('oiidition ihroULih a ]'(‘i:(‘ru‘ratt»r to llu* coikIj'iimm' Thi‘\\hol(‘ 
of tlu' Madina \\a^ (‘l(H‘lric.dlv \\i'ld(‘d t(t ;!\oid llu' --t lainiiia; 
due jo canlkma al 1}io Inaii t(Mn))(‘ral iirr'-' ll;al voa-c riMcliod 
and ai'o tlu* loovciiina tiiaf otruntal li-oni llu- .-^aiiK' (.iiiv(‘. 
d'iu- liladina \\.(> fomu-d .'»1 mild '^lorl witli a tiiiii coalma of 
jnnr ■ lu-cl ni'io'l (•!<■( 1 1 n-<dl\ wi-ldod on ( In- "urlaro. was most 
accur.Mt 1\ finiv!i(-d to sliajM* l>y a pi'oct vs ^((-p-hs -step 
j)io-'-'iiia imdnr lu-a'. \ and \\a- welded ae<-ui'a<ely 

ill poviliMii 

^ I’lu' steam wa-v worked as a lmv al a Ijiadi leir pei a t mi' 
I hroaalionj (la- j-nlmie, and (his eouph-d \\i(h I he man\ 
mipl'o\emeni ^ al)<t\e lejeil'-d (o ji;uj :ii\('n \ei\ '.Mind lesliljs 
The .M 0(/0 n P m,'a hllii- whuh had now h'-en Mli/nifiL' loi 
s< line lime, 'a h('n 1 1 ed a ( a !o n 1 nl t w n } hn < S hill pnw ei ha<l 
t.’i\on <t -hah II d nii 7 Ih oi -team wha-h. if siippha-d h\ an 
('ll lil'ed hnih I viipi't heah »• '\'-(em of S.7 p(>r (-in elln ieiicw 
whhii held alo id\ lie<‘n esiiidiil in (enli.d vi.ition prailiei-, 
w onld ' oieamie !e- - I iiaii 11 > M ni! p' i .n 1 1 P Ihom man) 
h'st-' ah'nad) n.-nh' M app(-iied tliat when d \\as run at lull 
load mi'iei ia\'in!'al,h ( om Id ton,-. ;l would i d <- k s- I h ni <* !h 
of ' t la 111 jiei S 1 1 I* and ill d li!e--)-!em muh t ! In- eondil ioiis 
naim-d would [ia\'-.( iheimal nlhen-ne) <1 n\e! .M , < miI , 
< orrrspnndniii (o an nil eon-ninpl-on ot ahoiii ih nl ml 
p('r S 1 1 P ria 1 1 ■- 1 - w ( 1 a lieitii! ( on! inm ' ' . I M * as t he 1 !)! kmc 
\v;is ' lippl) ma powe: (onliimonsA to a latL!(‘ \( n ks will; a 
eoiistantl) \ai\inM load it was imf eas)’ 1 o do w ha I was;ie(e-- 
sai') to eiialih' tests to Ix' ear’iieil out. So lai' as la- e(Mild 
s(‘e tin sNsjein, w lu-n applied on a larye se.de wiaihl Ik' 
eapahle of !ji\iny an overall t.heiinal eriu lem-v of i’ll per 
cent " • 

84. Methods oi‘ Impioving' Ffficiency (Pio de\ and Xa- 

lional) ( )ne of the ehi'-f e. me-., V. hieh limti tin effiea nev of 
^e-is eimim V is the hiLih tempi-ratnre diirine; exjilosion and tiu' 
M-ry ra])id rate at wliieji luait is then ahsliiutt-d hy the 
w/dls Two ntet'io's haM keen tried with a \ lew t(‘ 
mmimi/e this edc'i. tlie i'lea in each ( keiiiL' to rc-ducc* 
tlu' tnaximiim (('mjieiatme of the e\e|(- wilhont, however, 
deert'a-iDM th(‘ mean presvure ddiese two are i he water 
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injection niethod of Messrs. (Vossley Bros., and the sii])or- 
eomj)iessioii iiietiiod of Diigald Ch'rk. 



I‘ irs ,a» — ('iiitij)btll (Jhs NoO^ the di'^posit lou ot (Ju' inlot and ex*- 

lifniht wilvc's, and ihc watri I'oolm^^r arrani’cnnaits On the plan at the 
Inwi’r bide is been the* half tiini* sliaft 


85. The Water Injection Method. Messis. (^’ossley decided 
to try 1 lu‘ ('ITeet of injecting a small spray of wai(T into the 
cylinder during the suction stroke Th(' water, (Mit( ring as a 
fine spray in part of (lie air sujtjtly, was as (‘venly distributed 
as j)ossihle and did not form a skater film on the cylinder walls. 



CHAP. V] 


THE GAS ENGINE 


i2\ 

Very little water is required, because of the hi^h valiu^ of its 
lat(‘iit lu'at. As the nii\tui‘(‘ (‘Xplodes the water mist is 
evaporated into steam and the heat so absorbed ]>r('vents the 
temperature* of the oas(‘s from iisin^^ unduly hi_sj[h. A oO 11 }' 
enydiie so adapted was t(*st(‘d by JVofessetr Ibirstall m 1004 
and the followinu reeoi'ds taken 

Si/e of oiiLniie . . . . 14 iu. « iM in. 

Avcra^a‘ re'Vs mm. . . . 

„ l.H.i* r,Hr> 

bll.P 40 7 

Ah'chanieal (dlieiency . . S'2-2 p(‘r rent. 

(his us(‘d p(*r 1 11 l\-hour . . 1 1 77 i u ft 

Ibll b.-lionr . 14 4.4 

(’aloiiiir \alu(' oi iias (low< r \a1ue) r)7s 15/rh V jier cu. ft 

Thermal ('ttieieri'y ufi 1 II 1‘ . 4714 per cent 

„ P> 11 P . 40-S 

Wati'T* uaal i?i cylindeT . . 0-141 ib per minute. 

discliari 4 ed from jacki't . 4.7-hb ,, 

M(‘an tiaupiuat me of ('.xhaust as 
measured hy t'alk'udar p>io- 
oieter . . , . . 7iS' F. 

ih(‘ ratio ol air to iras was l()l! and tic* eomjuesv-iou ratio 
S-7, Cijrr(‘sj)(»ijdinif on tin* “air standard to an t*thi u*(c y of 
0-r)'S. As the actual ctlicirnry iound was (*-47 it follow - that 
the* (uiynm* achirveal m'arly G4 ])er r(‘nt. of the* ‘ an standard " 
ethi'icncy. This is a higher ratio than any of those* ^iven by 
Duy'^ald Gleriv in his 1007 pajier bedon* the Institutie)n of ('ivii 
EiiLonea rs (“ On the* Limits e)f Tlu'imal Eflicie'ncy in Internal 
(\)mbustie)n Alotoi'S ”), wdiie*h showed no liiLdier latio than 
50 pea* cent and that onl\ iti the* e'ase* of a maximum 1em])era- 
iure of l.OOS (7, wfH*re*as whe‘n the te'mperaturc reisi* to 1,750 ' 
the ratio fe*ll to 50 pe*r e*ent. a.nd below. On thi^' methoei of 
eomjiarison, there'fore, the water mje'etion method shows to 
advantage. 

Water injection has beam trieul on a still more exten*dve 
scale by IL Hopkinson,* who used it to replae-e* entirely the^ 
usual water jai'ket sy.stem. The* work of the* ( hise*«)us Fxplo- 

* “ A newv inethod of cooling engines,” Proc\ I.M E., 1013. 
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sions h;ifl slinwii that almost iho wlioh' of the 

ooolniLT loss o< ( un<*(l (hn i»iL' ami iinna (liatch altci tlx ( Njilosioii, 

and tli.it Ili(‘ I'oolin^ of ifial p.irl ol llu' cvlmdcr wails \\lii(‘h 
did not toi in pail oj t h(‘ l ondnist ion spaco was chirdv ns('lnl 
in l\(‘(‘pin:i the jjiston cool (since iinh s^ the i ik inidcK ik-c (»f 
t h(‘ piston wcic kepi ( <u)| 1 lie < ent ii' niiL'ht 1 1'-<‘ in itnipeiat nrc' 
to the ])re-ioni(i()n p(ant'). -o that d a jet ol watei eonid he 
pn)j«‘eted on to the hot fa«-(' oH he pi^ t on a nd < <n t o 1 he w all,'- of 
tile eoinl )i 1 st ioi I s I )ae( ' d n n^ h I he pi )ss| ! ,{(‘ t o < ii >pei oi' with a n \ 
ol h(‘r eooiinii arranm-nients alto-ji 1 h( 1 'khn make- toi Liival 
siiiiplieit \ III eoiisl met ion an<! eia ie,- jiuiidinL; i‘(onom\' in 
tirst cost. 

in flopkinson's enijine < old wale?- i.-, hijci ted ihronuh a 
hollow easliii'j proji'ctiin.' into the eomim imn < hainher and 
])Tovided with a miniher ol hek-s oi small n<>/zlts lalhi-r Ics- 
than a inilhmtti-e in diamelei The jets thas {(unied are 
eompai-a1 i\ 1 1\ eoai-e. and e\ i n altei' passinL- tho iazli t he Ikim- 

ine Mas nxtsl oi the li.pMd lea.la- the hot imtal -nrhiei' upon 
wlkali it Is diiei-ted |i I - are dnei ted a'jaite 1 all pait- 

of th(^ surface ol the i-omhu-l ion • hamher and auaind the 
faei' of t he piston. 

The eiieine used foi 1 his (‘\ |)ri'imenl .m }|i in 21 in 

< Vossl('\ mieiiK- ha\ iii!^ a < onipi < n-n latio oi (1-27, The 
iollowinii IS an e\lraet {|.»m tlx- iep;)|'{ on tlx tiiai 

"Till' enuiiK' was run eont innouslx iei 12(‘ honis on an 
(■|e(‘t ri(‘a 1 load \Ni(h toal ea- d he eii'jini' de\ilojied dnrinir 
this pi'iiod 22 ll.ll.lk on thi avi-niL'e, and lan \ei\ 
smoothly and sieadils. d’he asiiaiic mean (i’leeii\e pressim- 
was lo| Ih. pi'i- s(| in W la n jaele‘1e<{ (heenaiiK '\oiilflnot 
(h'veloj) more than 2n IMI.Ik cent iniions!\ wiihonl o\er- 
heatin;.'. and mixtures L'ivin<j * a mean pressiii'C of inoo' 
than Idd Ih. pi-i sip in. prodnei-d <‘\e(‘ssi\ a- ma \iniiiin pressuri's 
(o^'el' oon 11). ) w it h violent thumjiiiiM implosions ddie ri'diie- 
tion in ma.\ninnii pressure nndei- thesi* eireiimstanei's. hy 
wait (T-injei't ion is over Ido Ih per s<j in a.nd the i iTret is 
vei-y marked, the explosion ht'enminr’ almost inaudihle ddiis 
cdlia-t of the presiau e of steam in the ('\plosi\(‘ ejiaiMi^ is. ol 
eonrse. well known, hid the ipiantity ol st('am formia! in an 
enpdne eooh-d in this tnannii- is -<» larye that it constitutes ;i 
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suK^t.iiil ial :i(l\ aiiinu'f of llu' jiictlind. It will l»(,‘ iiolicod that 
the format ion of t Ik' '^t (m m tlo('s iu)l in \ o!\ <• an\ i ln'rMnnI \ namn' 
Io<^, siK'li it," o{'{ iir^ whrii wato| n ,-j»iM\r(l inln tin* nvlimliM' 
in an atoini''i'(l ct mdil n ai and rvaporalod lx loir irarliniL: ihn 
\\a!l>. oilier t lu' heat ii^rd (- lliat ulifrii would olinawi^c Kr 
wa.-lcd III tlm |a( k< I -\\ at(a‘ 'I’lm tjiianiilx *>{ wal<T n-rd on 
this Irial wa-. on t hr a \ ri ai^r. Mil! ll>. [nr hour »<jni\alrnt to 
‘2 I Ih. pri ltd! M. hour Tin- ttanpr'-al in<’ o! i h« rnipiu^ 
\'arird from iaii to isn {' Xo watri wa- \i-il)lr on I hr 
pi-toii (U' lh(‘ -^piiidlo- o| 1 hr xaUr-, and when I h(“ (aiL'iiK' 
wa'> ■'lopprd al t hr rnd ot I hr trial I hr imid(‘ o] th(‘ 
rond'ii'^t ion-rhaml«'-] wa^. iound lo lx* prefix t!\ dp\ Whim 
t hr ( iiLiinc jaakrttd and '.-ixini! I hr ^amr pow«'i" ha* 

shor! pr nod'- 1 hr ja^ k< ! .it ri n n)o\ < d a '>< ui{ <i7 (mmi It 'I'h I 
pri hoin wIlK'li would Ih 'Iihairiil to rvapolaM* M»^ Ih of 
walri al .1 MaiipriMlurr of L*n (' undM at nio.'.plM'iar prc'- 
vina* d’lu' trjK'Miu 111 hrlWM'ii t hr a\ailahir icat and I hr 
amouni <»f w atrr r\',ipor iI'm! |'> -al i.'lartoi \ viirh dillririirr 
a^ 1 lii'i’r I.', hridj art 1)11 111 rd for jiai 1 !\ h\ jjiraM i ladial imi lo^-s 
roii-ripK'nl oil ; ho !uLd,<'! Irtuprial lU'r o{ t la ( nmiH' and p.i! I ly 
hy t hr It dill 1)011 . 1 ) [hinu' irinp' almr p o<(i)t (*.1 h\ thu 
‘'tram whirh "onawhat o-duM"- 1 hr total amount t»l h(‘a1 
p.msiiiL* into t hr w.d!' 

" ddir rnmnr r()n''Umrd IP t Id'- 1 1 ia ! I a riih , oM ,( mi.f ahj' 
roal-Lia> ])r[ Itlldk hour, m konrd at itn.t'phrn' irni 
print iirr and prr'Xiu'r Thi'' i.'. a pproxima trl_\ ' h- ,sani( a^' 
it hiirnt whrii thwa lopuiL’ t hr ^aiur powrr ha .dioit p<aiod' 
W’lirn jark(‘t(<! d'r,‘'ts .it othri lo.id" ha\r '-h(twn that with .i 
W'('ak mi\turf't!H‘ ms ron'iimpl i» »n m -hidit Iv im-ira'-rtl h\ 1 fir 
water injrrtion hut with \ t r \ '-iropu mixtuirN it i a tiillr 
lr<-. Thr dilTri’ri.( howm’rr dor^ not < \r« r<i .7 per (rnl. 
pit ht'i' way, ,nid on t hr a\'rray«' it may Im- '-aid 1 hat t fir rronomy 
is imaff(’rt(‘d h\ tfir U'rofthI ’Urthod ot roohriL Indmator 
(liari’ams tal<)m in thi" loim trial ronipar<*(l witli '-iniiiai- dia- 
grams takmi from t hr jarkrt'al rn<jiiir show.' t hat. 1 hr rrdiirt ion 
in m.aMinnm prr-;vuM- i-, roimtrrhal iiKaal !)\ a '-liirhtls raio d 
(‘xpati-ion hnr h'hr ])rr-''-nir i^ h«-ttrr -lojanird, pa?tl\ h\ the 
formation of th(‘ strain and p.ii'tly hy llir naliirrd h»ss of luad. 
withthi rr'iiltthat 1 fir diai’iam is ’ fat Irr ' and h"s Jn-alvV. ” 
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The inetliod lius siuee ])een siiee(‘ssful]y ajiplied to iiiiicli 
larger (^iigiiies, 

86. The Super “Compression Method.- This ou t hod is due 
to Diigald ('lerk. \\Jh> in liis danu'S Forrest L(‘elure (liH)4) 
Indoro tlu‘ Instil niioii of t'lvil Fugin(‘(‘i>, deseriited it thus: 
“ Some time ago it a])|)('ar(‘d to im* possihli' t(> r('(hi(‘(‘ maAimum 
tem[)eratures l)y iiK'nwising tlu* oliarge wt'ight pei* sti'oke giveji 
to an engiiif. I lia.d ('\per imentod with two nigiiics, oiu‘ 
having a 7 in. <*yhnd('r, io iji .stroke, and the otlier a. It) in. 
eyliiider, 1<S ifi. s1rok(‘. 'rh(\se (mgin(‘s, Avhieh aix' of the 
ordijiary .standard fonr-eyeh^ hvpe. are allowi'd to tak(^ in 
the usual eliargc* of gas and ai? ; then at tlu' <‘nd of the .stroke 
a turther eharge of air or otlaa* iiKTi Iluid is added to inen'ase 
the fire.ssure in thi' cylinder to 7 1)>. or S Ih, j>er sijuari' inefi 
above atmo.sjihen' before the return of the jiiston. A small 
})art of th(‘ n'tiirn strok(‘ is, howexer, mad<' befori' tlu' juc.ssuri* 
can be mateiially inenNiscal as th(‘ added eharge takes some 
time to till the eyiinder. This has the elh-el of in' ivasing the 
eliarge weight jiri^.sent in tin* < ylindi'r by .about K) ]>«a‘ cent 
and of inere.ising t 1 m‘ pre.ssiire oi eomjM(“ssioii v\ it bout . howex'cr, 
inenaasing th(‘ temperature oi compression, hidi'cd in both 
experinamts tla* t(‘mperature of eompia'ssion x\<is diminislu'd 
As the eharge prisamt is eon.stant so far as gas is (‘oneianial, 
tile maAimmn tmnpera.t un* < apabj(‘ of Ix'ing jirorliieiMl is much 
redu(;(‘d. 'Flu* maxinimn tmnperature shown l>y tla* diagrams 
talv(a] i»y me frojii t I k'.s(' t wo (aigin(‘s is aiiout l.^tttr Ia\pi‘ri- 
ments w(‘re imuh' and it was found that tin* luad-llow wa.s 
redue(‘d to about twod birds, and further that the nuain 
available ]m‘ssure was inerea.Mal ab-out 20 p('r cent." 

'The thermal efhei(‘ney oi an eneiiu' which on woi'king 
without su])er-eompr(‘ssion was 27*7 |H‘r cent, .sliowed an 
increase to ‘M-I per e(‘nt wIhmi super-eompj-es.sion was adojded. 
One sees therefore that if the atmos])lu‘rie prc'ssiire were 50 jxT 
cent, higher than it is, it would suit the working of gas engines 
a great deal bet tin*.* 

* 'I’Ik* ceavcr.sr nf lln.s is ,sf»‘n in thr «Msr nt .hto (Xiginns wliicli liave 
to v\nrk ;il a. foiisKlrraOt' hi i*.']u .ilmx »■ r-.r.( It'x'cl. 'the Jj<*rs(' ])n\\'pr 
nrulor ( oiulitinus t.ills off .u iljf> sainr ran* as 1 he .UiaospJiprio 

pre.saii’e, vi/„ a loss ol ahoiil I! pel ernt. tor- ever\ I.UMIft of alliinde. 
SupcT' eoMijire^.-ion IS ospei iall\ os( fill iii this ea a.s it assi.sts in niain- 
Unning unilonn horsr power at all Ik ;,*hls. 
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The iiiij»rt)V(Mnonts in n}K‘ralion }>y I he water 

inj(‘efi()n and the >ii|K'r-e(^ni pn^s-ion nu'thnds are of eonrse 
(l('siral)le in theni^('h(‘s hnt lhe\ are r(‘all\ the nio.st 'welcome 
f(H’ wlml iIk'V l)rin,!^ m (lu'ir train, ^\y.. fieedom fi’orn {‘racking 
of cvlindci's and pislc)n> W'lanicNer a lar‘ii(‘ amonni of heat 
ha'^ to h(' pa'^^'i'd tl)roni;h I Ik' walE to tlu' (‘oiilinu walin' (and 
t he la rucr t 111 (‘iiyjncihc la? lm r‘ 1 he amount of h»a< to Ix' ^ot 
I'jd i)\ in thi> w:s\ a»id I hi* ^malhn' in projjortion to enhie. 
eontenl.'^ i-^ 1ln‘ eitoliiej siiilaee), ihme arises a, stet‘p heal, 
^n’adienl in th<‘ mi'Ud in (‘on:a<‘t with the ^as, which in turn 
l(‘ad.s to diflei'cnl ial expaii'^imi and the eonseijinnit failure of 
(‘n^dnes ow nm to the m a< kiiii? oi (aaK or walls o?- sonud mas of 
pistons Ihmiivelxes. Ma nufaet m'm's who seek hijLdi thermal 
t‘llieienei(‘> sci'k lh(‘ni n<>( so miirh lor the result in^ economy 
in fuel, hnt for tla^ iiai'eaMd Iri'edom fi'o??? meeh.anieal 
(liflieiiltie^ in operatuni impioNcd nudhods whiidi allow 
<.)f the niaxiiiiiiin eyidie t mufjcrat nre I xnntr reduced without 
any los,- oi power can also he pri^ssial in tfa^ dinadion of 
ineriaisiny the mean pressure eonsiderahl\ without, howtwi'r, 
raisirm ilu' tempeiatiio' 'O hi,i;h a^ it was p?v*vi<msly. This 
leads to j^rvaler oiiljuit. hut t lu' piessujo u.l- (‘\haust is eon- 
siderahle. and it would in suidi eases he an advantajj^e to us (5 
this ('xhau^t in anotijcr t Unidi'r and so eumpoimd tla' ’ ume. 
Eiforts ill (his dirca tifin have Ixa-n ma<Ie, hut the dilfieulties 
of eonstriK'tioji ate priait. 

87. The Indicator. - A veiy important instrument used 
in e(»nn(‘\i(ui w it h y<is en_mn(‘s is t h(' indicator. If, is an apj?ar- 
atiis whieh w luai attaidu'd to an (‘ii^iiuMlraws a curve show in^^ 
Jiow^ th(‘ ]»r(xssure in th(‘ e\linder varies at diifeienl points in 
the strok(“ ddu‘ best known modern form is the t 'roshy 
shown in Idir. 57, On the ltd'l of the illustration will he 
seen a small eOinder |■ontainm,^ a <‘np-sha])ed piston which is 
le^ulated in its iijiwaid motion h\ the downward push of 
(he strone sjiiinu seen ahoN’c. Whim th(‘ indicator is s)*ri'W(‘(l 
on to the culuik' eylindei' the ^<is pre.ssurc' causes 1 lie indicator 
])iston to li'-e thiouiili a distaiKi* projiortional to the force 
exertt'd. The little [list on rod rises aJso and eommimieates 
its motion to tlu* lon^ ‘>lopin^' lev<*r .seen above. Thi^' levi-r 
earru^s at its far end a pencil whieh traces a line on a paper 
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sh<‘<‘f iast(‘iir(l I'oniid dnnii mm'H oij Ihc riolit ^\|ii(‘h is 
rna(l(‘ to oscillate' to ami iio In the cord shown on the ('xtrc'nie' 
richt of th(' diagram luariL^ attached io a, oiovin^^ |j,)k which has 
a. motion similar to that <»f the- piston, hut h'ss in amount, 
FIk' ])(*]icil t !i(‘i('fore tra('e's out t h(' (‘lo.Ncd (‘urve known as 
indicator diacram. 

OS sliows anotiK'r form of the' iustruuH'nt tiavin^ the 
spring wIk'iv it is les< atTec|(‘d l,y t h(‘ laad and sn-ives 

a het t('r readinc'. Of cnuise' all these spnnp-^ ne('d to l)e eare- 



full\ cahhifite'd in adx ance >0 that it i^' know n how much fuVv^- 
surc i^ represe'iited hy a rio* of tiu- peiual point eipial to. sav, 
] im'h. Oduav are raalain ijualitie. w hi< h a w ('ll d(‘sioned md'i- 
('ator slaaild hav(‘. It must haA'(' a ^pi inp HI ('uoiiph to ('iisun' 
that the maximum pr(‘>Mue will come well within its ran^a*. 
It must hav(' a Avell-desion(.d pinion, as li.cht as is consistent 
with sfri'iicth, which will move fn‘(‘l\ in the cylinder. A 
sli^lH l('ak'a,c(‘ ol o-as is much jess of an evil than any elianee 
of the piston sirckinu or jajnhinc. in the ( Voshy form tlu^ 
piston is mad(' from a solid pu'ce of tool stea.'], hanh'iu'd and 
llien ground, and laj)jH'd to umigc. U is ]u'o\id(‘d with a 
soelvct to receive the' lu^ad at tIu' enJ of the spring and has 
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i(ir!i! - fiti torkiii^ I i)c ■'jHIliu ill 

iilir.xly Itrcii II M 1 ir,'' ' i , I hr !<• .iiii) Im nhilittii of fhi' 

jiJlpri (thlaill'Ml iiviii ,M/>nl .}l a 1 It-- o| hr I r 11(1 In snjnr 

poiiil III t}i(^ iipl'tT j>;ul ')| a v\\ 111^1, ijj h>xr nl which I hr iowi'.^l 
poinl 1 '^ ( ( winri ! ('< I wnh 1 hi ni'.'inr pi-tnii nr ^miir pai’l (lial 
iii()\r-. ^\ il h il, ><) tlial I h‘’ iiinlimi n| ihr rnuiiM' J)I'> 1 (M! is 


irpi'oiihrrd In .1 ( nii\ r!ii»‘Ht 
, r.iir 'I’hi'ir ~ .il'-n a 
( V'),-hN irtlii* ihi: >lr\ !.■« !ni* 
(Iniirj I iiN It !•- (Ihi'-I I.iIm] 
ill I'll’ o!>. aii'l il^ [C'lm 'plr 
rl <r 1 |i 'll Is r,,-ii_\ -(■'•li 

t hririi ni!i j li ! hi" ih ' h r 
t hr ( OM i a i i h< • hnh mil < ill 
))(' ta' 1 < iumI ilii'ci I }n I hr 

rn)'-sii('ai i. nt ni hri part at 
t .U'lird t n t h(' pist (If I t la- 
rnrd pa-sitiL’ n\ ( < L'liiilr pul- 
leys il !irr(".v,(ry h J- 
li(‘l (<'r, Imw r \ ri . Mnt t r ha ’ r 
a hiirarr crf i! t haii nr; u s , 

!(‘sl jK sjivtrhitir with thr 

pull put on it shnii hi ml ro- 
(luro fi'i'or III I lii' iiidh atoi 
rai'd. l’’or \ri\' afriiialo 
Woih tlir ('ord is somr 
1 iliirs rrpia( t d l)\ '■trrl w iiv. 



88. Reflectinj’ Types of Indicator. Mtliourh ihr indardni 

is an import lilt iiisi riniK nl in ^as riiLonr work, it d<M's imf 
orriipy thr iKnitinn whali it holds in siram < nyfiir jiiaitirr 
whmr lowri vj^-cd^, ;(),(| pri‘-^urrs ar(‘ m< t with dv tuiirh morr 
rapidl\ nao ill;.' iiisl rimirnl is nrrdrd in io1('rnaj rni!d)!|s.| am 
riiriiK's. and '>U( !i indf<-ator'> tmul to hr ■‘larilr ,,nd art' 
fhri('foir lilik u^rd rxi-rpt for sprt iai in\ r^t iralton^ Thr 
usual form of sik h iiidirato: makr*. uo‘ of a h<‘am of TiLdit 
rrllrrtrd fnaii a ^rl^lra! miir<T \vhi(h raiisiaj to tilt a,- 
thr t^as pr( arr M-r,> : at thr samr limr 1 hr Iramr in w hirh 
Ihr mirrof iirld is madi to mn\r a.i'ju];iily to and fro fn 
time with tli( moiinti nf thr < ro.v^hrad. thus prodia in.u h\’ 
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the combinatioT] of motion the famihar sliape of tJie indicator 
card. The b(‘am of liglit, unlike the steel levers of the older 
form of indicator, has iio weight, and therefore no inertia to 
make it lag ])c)iind its true position. 

Several models are now in ns{\ but the jwinciple of action 
is much tile same in all. A diagram showing this priiicijile 
is given in Fig. 40. It eon.si.sts of a small cvlindcT containing 
a piston, just as in the (Vosby indicator. The s])ring, however, 
is a small straight ^t(H‘I beam, held at the ends, as shown in 
the diagram (in some instruments the spring is in the form of 


Pi I of 


Sprmn 
Bear ^ 



JnihCuL 
<h,cilUtion 
f^rafT't v^or ii 
hr fi'lluKitnq 
Cros.‘,ho.2cJ 

fl’ >l>on 



PuJon. 


Fk; 4il IJopkinson Flashlight. Thstim Itiilicator. 


Bc'im oF 


a diajihragm against which th(‘ gas pressure acts without the 
interv(‘nt i(m of a piston). Th(‘ pr<*ssure bends this spring 
u[nvards and so tilts t he lilth^ mirror about a pivot , A beam of 
light is made to shine on the mirror, and the tilting of the 
latter defh'cts the path of the reflected [)(‘am through twuc(^ the 
angle through which the mirror is tilted, d'he rcllect(‘d b('am 
therefore moves through an angh* which is directly propor- 
tional to the gas pressure. To give the beam a skhwvays 
motion eiiuivalent to the stroke of the engine, the rocking 
lever is made to reciprocate tfie Iwacket carrying the spring 
beam and the mirror. The mirror therefore gets a partial 
rotation about a horizontal axis [)roj)ortional to the pressure 
and a partial rotation about a vertical axis proportional to 
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the str<)ko 'Thi.s Ixmm'j so iIk' iK'ain of liulit on rcfUa'tod 

ln)ni the nnnci' diaw" a Iroo iiidicator di.t-^iain (»n t ho siaei'n, 
and ow inu lo tlu' sjicod at whicli iho spot of liiihl moves ii|)on 
the scjecMi, tlu' diamam uill .ippea!' as ii (‘onlimious curve. 
For porma field record a photopraphu* p!a((' rephu es t Ih‘ s< ieeu. 
]n this way tieiMirale indi<ator cards can he ohlaimal even at 
t })c luLdit -t cneiiH' ,'p('cd‘^ 

Ih’oicsvor llophinson claim.^ that, wdh his instrument the 
indicaled Iioim* jiower (an he measured with an (‘rror of l(\ss 
than I ))('?■ cent . w lartas in liu'oldcj lorms ta kus of 5 piu'ccnt. 
or moR' uert' common 

89* Mean EfTcctive Pressure. - From an indicator diapam 
it Is easy 1 o lind 1 lu' iunnt ( fh din' achni; on tlu' piston, 

i . th(^ avenpm* prcssun* in tiu^ working stroke h‘ss an allow- 
anc(‘ h'f !h(‘ opp('s,nLj picssuus in the idle str()kes, Fluue are 
two imdhods (tf dmri'j thi^ >- 

(1) A imahatiital nieth(»<l, liy usiiiL^ the planinuder 

(2) A mclliod of appro\imale‘ compula’jon, by using what 
is call<‘d the ‘mid oitlinati* rul(‘.” 

ddi(‘ plammi If-!' r mad(‘ to follow the jjcneil lim* eonlinuously 
and so aul omat it'all\ *o sobtrait the ar(*a due to the lower 
part of the diagiam , it thus uK'a^ures diixf tly the an • in sap 
liiclics of the closed figure, if tliis area he divkhal hy tiit 
liori/amt.d I(‘n 2 lh (»f tlie diaiiram in inches it will give the 
avt*ragc hreadtli ot tlu' ligure measured vertically, and this, hy 
using the scale (»i conversion for tlu* indicator spring employed, 
gives llu* mean pressure in pounds per sq. ineti.* 

In the s(H ond method a series of equidistant, vertical lines 
(usually ('leveu in numh('r) an^ drawn aeross tlie diagram as 
shown in I'd u -11, so that tlu* first and the last just toiieh the 
two ends of the diagram, 'Jdu* mid-ordinat(‘.s bisect ing these 
sjiaees an* tlieii drawn (shown (.loCed in the tlguie) ; the 
lengths inelu(h*d within tlu*, diagram of the.-.e mid-ordinates are 
then measured and their sun* divided In the number of them 

* In the cj'se of a four-stroke rngiiic it nc'ght at firpt sight seem 
desirabk; to divide the average prrssure over tlie Ino outward sto Its 
and not on on<> of tlieiri only, but tlic accepted convention is that given 
in the text. 

K 
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This method gives, as before, the average breadth of the 
diagram measured parallel to the pressure axis, and so the 
ineath elfective pressure is obtained. 



Fig, 41. — Olaajninfj Area hy Mjd-ordinflto Kulo Aroa (' D E cmuifs r» 
poftil-jvo ; aroa A /> ns iiogativp. Micl-ordinnU' in-iglif of negative loop 
must bo aubtraotod iiom that of positive loop. 


90. Effect of Engine Speed.-- The (Vosliy indicator above 
described is well suited to gas engines running at normal 



Fin. 42 — liidicntor I)iagratn takon from a fast running lOngino with a Weak 
Imlicator tSjiring. When rxjinnsion eurve is wavy, tlio I.H.P. cannot 
safely bo dctorminod from the diagram. 


s])eeds, but not to petrol engines, which sometimes run at 
2500 r.p.m. or even more. At sjieeds over 500 the effect 
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of inertia-lag is felt ev(ni in the liesl of the peuc'il indiralovs 
At such sjieeds 1he^})istnn has not time to get itsell and the 
rods fastened to it into a position corn’s] ponding to that diu‘ 
to a slcnfhj pn^siin* (‘({ual in amonrd to the inoiiK'nlarA ga^ 
])r(‘s>ure, and the revolt ioL^ diagr.im is th«H‘fore niconed 
Moreover, as tiie engiiK' spia’d approa< hes Ihf firi' pci iod of 
(iie moving j)arts of the mdic-alor. (he latter ((okU to vihrale 
svmpal la-tieally and the lme^ drawn are wavy, as shown 
in I'ig. 

91. Estimating indicated from Brake Hoise-Power. Apart 

from rlilli'-nll res witii nulKatoi'^ .,1 hreh --pretls, it e far' from 
easv to eomil aeeurate!\ tin’ nniiilxa' <•[ explosion.- ^md to 
eiisiiri' that tli(‘ “card ■-how- an avi’r.age expln.'-ion It is 
not nnu'^nah therelorr' : t(» nKM'iiie I 11 E li\ adding to t)ie 
P» H T* Itgm’e the !*> II E ne< < ''OU'\ to iotat(' the engine lit^ht , 
this assumes that the mivdiarric.d loss is ron.-innt at all ]o;nE 
It is oloioiis that to a'^sume tji.it the fi'i'-tion ar. ‘'a \ , the lag 
and small (‘ikE of the «'(inneet mg rod or on the pi-ton. will la' 
t Ik* same w lie! lier t here is an\ thrust in that rod or not , cannot 
)»(' sincihi aa cnr'ati . lait thoi(*ss()r flopKin-on has carrird out a 
eornph'te -eries of {I'-fs n.aiig fiii* reifecting i\jie of mdn-ator 
alreads montiotK-d t<' «']i4<'i({at»‘ this p* inl Ih' found (hat 
■■ih(‘ dii'ha'enee !)(tw('“!i indicated hoi--<’ pow‘T .,*( la. da* 
imf’se-pow ('!' is i-atleT 'o.-s than (he hoiso-jxiwf'i- at rm hiau 
midi'i’ tJie sanu' (ondifions of Inhr ioat mn. niaieiy h('eau-( of 
t he ddleieiue in th(‘ pow ei’ ah-ii lad in imnipinp'' hi llH'})ar- 
tieiilai’ engiiK' tesh’d I lu- err-oi' 1i<»n tins .arise m ohtammg 1 lie 
indieatr’d ])o\\. r would amount to ahoiit Ti per cent The 
frii’tion is -niisiaiit ialls eoii-tant from no hiafl to full lo.ad, 
|)rovi<le<l that 1 hr* tr'injierat me of the eyinidr r wall- i- lo'pt (Ik* 
samr*. ImiI the intineiiee of tern] r'lat iii'i' is xra-y great ” 11(‘ 
found the meehariieal l<<s.-es in a 41 H E. engr.K- to he as 
follows - 

SiK’tion ..... 0-4 per cent, of I.H.P. 

T^iston f ’let ion . . . . ti l ,, ,, 

Other friction (valve lifting, etc ) .27 „ ,, 


Total . 


. 12 2 
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92. Analysis of Motion of Indicator Piston.- -It is iiniiortant 
to iiial h(‘iiian<all y the inoviMiuajt of an indicator 

mIk'Ii set to oljsci'vc a \(‘ry lapidly t*lian;;ing prossint' The 
piston us(‘(l in tl)c indicator instrinnenl cannot la* a])soliit(‘ly 
uciiilit Ic^s \\J)al(‘V(‘r iniprox cnifnt may la- mad(‘ in reducing 
tJic uciyhts ot the movniy level's (cither hy adojdim:!; lighter 
scantlings or hy using a hcain of light) Let the ])rcssnre 
a.et ing <m ( haM‘ oi 1 h(^ piston of mass M at an\' t ime to he ye 
also Icj pislon area - tt and the motion of t h(' piston he S 
inclies fi)r (\aeh pound per s<| ineli of jiressun^ acting upon it. 
TIkui tli(‘ foie('- aetuig on tlu^ piston when at a ja.)int .r above 
its lowi'sl position are ' 
ujjwards /; tf 

dow nw ai'ds ' »/ ! M 


t fi(ut‘ioro 


Int egn ite Ihis. 


i^(rticular Integra] is 


and the ( 'omphaiumtarN Function is 


.r- A sin ^ 


. / f [Icos 1 


So that the (\)niplet(‘ Integral is 


Now when { — fe x - r o 
thcridore 

fl.r / (I . / 

— .Aeos\/ 

>U ^ SAl ^ t 
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arid when 

il.r 

/— O, - - - 0 



dt 


< |jer'('foi-e 

A n 



Nnl),-I it u!(' llicse 

\ allies of . 

\ and l> and 



/-Sjl ,vw 

\ / ' This means i haf 

the pisl (»n 1 isc,^ 1 ; » ; 

1. lu'iLld //S 

and 1 lum o-.t-iilaic,'^ 

ahoiil that 

pn^itio^ witli a fr‘e( 

1 i 

pnau V eniial to \ 

1'7. ' SM 


All I Ilia assijtru 

!iow (*\ fi that // |. a t oii.j nt 

or that il 

iiicn’a.r. w d |i .iu h 

MpidiiX Ihat d a-'iimc-' it. 

hnai \alur 

l)'-fo]‘c 1 h<‘ indi<‘ai<w' 

pi'.ti'h h,ia 

; li.u 1 1 11)10 I o Uh t\ C 

It would 

l)a\ been more acrui.id (o . ~ 

.time ji to riM iiom 

zero to its 

final value ni ^av, 

N h {fiM of 

a '.('(M.nd and |o - niin.lo] w hat 


H 



happen'- diii'iiii' 1 hi. 

inl('r-\ a 1 

I t ' do f hi. pid p 

u 1 / W hole 

Ki, ha. 1 he ( oii..laii1 

\ aiuc vi \ et 

1 h\ { h* eip!,< 1 ion 

hn.d \ alia 

ol prt'sout' ^ 

h 




Ivpialion (1) iimw 

h< . M|u( s 
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'il~ 'S\| 
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llif' ( 'oinjilc<<' InfcL’r.U would l>o 


A <ijj t 
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blit when / - e ; ' o 

ill 


so that 

0-- 

/ » 
\ S.M 

A-I-Sa, 


and 

A 

S„,\ 

SM 

a 


riii> yi\’es us 

r Sf/,/ 

s.,,\ 

SM 

sm \ 

n ^ 

.t 

S.M 


Sn, ‘ 
1 


S.M . 

^in \ 

n ' 

'' •'! 
S.M } 


Now Sa,/ !,■> fieiuht to uhioli [ii’.ston witiild I'i'^e inidt'r fhe 
slow .staliV |)ivssi!iv ^-all it h that //. and let j lu' 

the ft(Mjnenev of th<‘ five Mhrali«*n of th(' indiealor piston, 
ddieii 


I 




or l'tt/ 


/ " 


so Diat J h sin \ . t 

L‘7r/ ' 

h '' Gni‘~// 

2-11 

or a'- // ■ I ^ >i)\ 'lirjt \ ... (a) 

• l^TT// ■ I 

'Diis means a frailional lai: <*1 ^ as a maxnnnm, but 

2 I 

fo]‘ any prirfienlar <‘as<‘ it can b(‘ ealeiilated tliiis. We may 
pnt / as ‘J(M). w hieh a)M)n( rc'pix'.stmls tlie ns(.‘ ul an instrument, 
of the l!o}>lNinson t\})e. 

Tluai 

j'zzr/t 1 - sin I S!Mt/| 

I IStHi/ ) 


It will })(' ns(‘fnl to (Mimpnte a few values for this for cases 
in w Ineli the \'alue of / is miuli short<'r than tlu’ ptaiodie tiim- 
of tile instrument. A\’hen this is so sin 181)0/ can lie written 
w'itli sulhei(‘nt aeciiraey as 
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Thus for 


For 


■ 1 00 o O O ■ 

ri()o,o(M) 
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t : 

cr 

k ~ {100,000)- 
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- - () {MKi 
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hul for this valiK' of ( oiir npproxiniat ioo ?io loii<r('r holds. For 
/ ^ t ho calrulullon should jU'occod thus 

; 


1 OoO 


1 

sin 

k \ 

IS! to 


^ sin los' 


l-s!l 

1 

1 

- 0 !):> 


I ‘Sl» 


k 

showiiip; that tlio iiistruiiKMit is la'i^inuiiur to pick up. Evi- 
dent! v tlKU’cfore it w ill lud do to us(‘ an iiist l UiiK'iit for I'ccordin.iy 
an explosion occurring in unless Us own frctpuMicy 

exceeds lloO. 

The following table sliows a scri(‘s of vahu's, and ni I'lf,'. 43 


they tire shown ])l()tted. 
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AMk'ik'vct i is a jnull i])!*' of ^ tiu' vahu' of ' ‘ ^^ill be I'OO. 

fi 

The a]u>ve vurve (!'»('> not of course taki* aeeoinil of tlic frkv 
fional f(»re('s ^\l)ie]l prexa'iit Hie iii(iuatoi jii?-1or) ( oiitifiuiriji to 
vilirate in(lelinit(‘l\ . Stuihnis are r( coiimHiuleH to work th(‘ 
pro hit 'll! oiip iiit rod III mio eijiial ion (LM a 1('n ii ri'prest'nt 
the fi’]( tiotial foiee. 'I'he ri'^iiit will he to iiHilliplx tlie oM-illa- 
torvleiia I»\ a laeloi ol the p(“ « Iik-Il w hen the ^.tu(l(*|lt 
lias ploHcfl the residliiiL: < urves. will sji<»u fliat the slraiiifit 
hue Is M)oii followed oiK't* t he iMir\ e ciiiiirv. up to and ( I'ossos if . 
I'd'oin t he 1 ni'\ (‘ ni Idj 1!> it c < leai t hat for ieeordin;L’ an explo- 
sion oiiMimnn III I , > n o I hi ■> indn at or w iHi its , peiaod 
would he inadeipi.ite 'The pi'-l oim\ oiild scan el \ h<i \ e nio\ cd. 
Foi <m explosion oiiMipuiiij ten linus .is Iohl'. le , o • 

tiu' indiiator woiud std! he la^’Linie a lone way hehind For 
•a sei e\p|oHoii the a' Inal inaxiinnni pO'-nre would he 

vei_\ fiinls jejire’veiiOal. hut not the shape of the esplosion 
wa\'e In I'aei toi iiselnl i(‘adin!js the in -I riniieiil .should not 
he Used [(>»' an\ .diarpei ex|!lo'i<ai i han ei I'or a ii oidin- 
ap\ e;is ( uLiiiie e\p<osion oieiniiiii iUj,', ,, 'Oi the ni'-tninient 
would he iiuite s;it isI.h-Imi . 

93. EntiillC Tests. i'li-o- ar-- llu' test-. appli»o whiii llu' 

(‘IlLUne ha;' tn'eii ( Ohvt I j j,)>,ll. 'I’lu i 011 .^ 1 0 in the 

a(‘t ual i uiinine of 1 he I'uyne- 'Is I, « arl\ as p,. ^iMi undi i 'aork- 
iriL^ eondilioiis, The Ioiilu-sI lun is a! full load, aod it is ea— 
toinaiy a;t(‘rwards to lun for a tnu(‘ at half l<»‘>d and at no 
load. Sonietiiiie' it i' spfaal'ed that runs sh<»u!d he m.ade at 
t hre(‘~fjuai l('r )o;ul .oid oiie-<{uai tia- lo.ad. and oeeasmiiidly o\a‘r- 
load tests an made It is ;dnios( impo.'.sihli- for oiu' 
ohserxer to do all that !,s# lu'Cessarx in sn< h a t(sst. Thf' 
wurl(shop en.sjoni is to imxisnre 


( I ) d’lie hr;i kedior -e- p( tw ei . 

(2) ddje amount of Inel nstah per lionr. 

(3) The ipiantity of < ooliue watm n.s(‘d pei- hour. 

(t) The Ms(' 1:1 lempiaature of eooliiie water between inlet 
:ind oiith'i 

(f)) The j'(‘\'()lut ions per niinnti' 

Sometimes the indicated horse-power is also mea.‘-nred, f)iil 
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with high-speed engines this is not usual. Two observers can 
carry out the above tests. Wiien tests are inad(^ not as a 
matter of worksiio]) routine but as a matter of sj)eeial research 
in workshop or college laboratory a v(Ty large number of addi- 
tional tests are carried out and many observers ai(‘ mreh'd. 

Indicated liorsc-po\v(*r is dedu('ed from the indicator dia- 
gram, obtained in the manner already described, and the 
record of the numlx'r of (‘\plosion.s p(T minute. Th(‘ work 
done in ft. -lb. in a working strokt* is 

Mean eifect i\ e pre^surt' in Ib. per s<j. incli > an'a of 
piston in s({. im lics - Icngtli of stroke in fett. 

This, multiplied by tlu' number <»f working stiokes per minute 
and divid(‘d by 3.*k(MKt, gives the l.fl.lC '^kliis is, of course-, 
R. LAN. 

the same as the formula ’ “ ‘ in books o]» the 

steam engim*. but it must be observ(‘d that N must be taken 
as the number (jf woi’king stroke's per minute, not tin* niimlx'r 
of revolutions ])(‘r minute, i.(‘ in a four-cycle engine N cannot 
b(‘ more' than half tlx* number of r.p m. and may be mucli less 
if the goV(‘rnor should Ix' cutting out e\\ plosions. 

Brake horse-power is tla* poweT e.xerted at tlx' crank-shaft 
and it is measured lyv applying a frictional load to the tly- 
wheel, as shown in Fig. 14. A test of this kind is ofte n calk'd 
a “ bench test.” A number of woexlen bkx'ks an* fitted hxiscly 
to the rims of the tly wheel and connected togethei- by one or 
more ropes or by a canvas belt. A munlx'r of lu'avy wc'ights 
are hung as at IN and a spring lialance i^ ])lacc(l at l\>. The 
distance 1 ) is measured in feet. As the force due to tlie weights 
JN is greater than the force at IN tiu'ri' will Ix' a force acting 
against the direction of the arrow of F, R^- Tlx- w'oik done 
therefore by tlx' tlywdieel in one revolution in tlie direction of 
the arrow^ - force distance moved 

and if there be N revolutions per minute the 


B.H.R. 


(J>, ^ IN)V7rI)xN 
3 : 1,000 


As this powTr is all being spent in friction it produces heat. 
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arid ill the larirer (MiLhiu's the I) y\\ hc'el has to ]h‘ eooled by a 
water spray. In the veiy ))iii!i;(‘st eiiirines (Ai'n is not 
('no(Ji;h and a s])e(‘ial water churning brake is used, or else the 
load is “ takiMi up ” eh'et rieally. In tho hitter ease, thetn^^ine 
diives a dynamo and the eltH'trieal output of tlii' (lynarno is 
measnn'd in kilowatt^, whim if th<‘ etheiene\ of tin- dMianio 
be known the T* II 1‘ oan lu‘ (hahua^d b^' turning the K.\\\ 


f>r - J 



into Fl.P and dividing the result by th<' d\i( iuio etlit innev. 

p It P 

94. Mechanical Efficiency, 'khe latio of ^ j, tlie 

ineohanical ('flieiiaK y of th(' (‘Ugine. Jt is usually from To per 
eent. to S5 per eent. at full load. The amount by whi(;h the 
T.if.r, exiaaaP the JkH.I*. imaisiires tlje powtT lost, in engine 
frietion, Jt is luaily imh'i^endent oi (lie load,"^ Thus in a 
special test of an tmgine of 7(i IJl.Ik the engine irietion w'as 
fouii 1 to be 


10- S 11. Jk at no load 

11- 0 J1 P, at {. load 
11 -7 11 P. at full load 


in each case the rji.in. being nearly 200. 


* See p. 131. 
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These figures show that engine frielioii is almost- indepen- 
dent of the load. It rises however very ra])idly with rise in 
speed. 

95. Measurement of Cooling Water. From time to time 
during thi^ test a im^asuring vess(‘l ean he plae(‘d under the 
outlet, or in some other eonvenicuit wav a uK'asurement he 
made of the jiumlM'r of gallons of ^\ater passing through the 
water jacket- }K‘r hour. A t li(‘rm(»m(‘tei- is jdaced in the ink! 
and another in the outlet, ddientlu ri,s(‘ in tcmiperal me of the 
water multi])li<‘d hy the numlua of pounds ai watiu* tlo\\ing jxt 
hour giv(‘s tlie numhei* of lu^at units cai'rical away hy tlK‘ 
cooling wat(U' p(‘r hour. 

96. Heat in Exhaust Gases. TIu' re(‘or<l of the t<‘st will 
show the amount of fuel used p('riioiir Its < aloj'jlic vahu' is 
either known in advanc(‘ or is measured at the time. 'Phis 
gives the numher of h(‘at units siipjilied per hiuir Some d 
thes(‘ are turm'd into work (B.II.F.) ; otheiN ar(‘ lost in (uigine 
friction (l.ll.P. minus B ll.F.) . oIIku’s an' carried away in 
the cooling wat<'r ; and the ix'sidiu' are eaiTii'd away in the hot 
exhaust gas('s. As it is n(>t \'('rv (‘a.sy to measure the (jiinntity 
and t(mi})(‘rat iii'e of the (‘\haust gases, it i.s cii.stomary to 
ascertain tlu* amount of this loss hy a suhtraetion sum. ddie 
B.ll.lk exjiressed in heat units p(‘r minute is added to tin* fu'at 
units lost j)er minute in engim' friction and t(> th(‘ cooling 
water loss [ler minute. Thc'n this total is suhtractcd from the 
heat units supplied to the engine per minutigaiul the result is 
called the exhaust loss. 

The (Migine friction itself jiroduces heat, some of whidi may 
find its way into the cooling water. Again, the exhaust gases 
in passing out of the cylindi'i* oftei| come into (^intact with a 
jiortion of the water jackid and give heat to the cooling water. 
Both tend to exaggerate thc‘ true cooling water loss, but their 
eifect is not eonsiderahle. 

A suitable test report form for entering up these rneasure- 
nieiits is rc'jiroduced opposite*. 

97. Heat Balance-sheets. - A heat balance* sheet as aiiplied 
to a- gas engine is a stateme'iit of the waiy in whieh the total 
amount of heat passeel into the engine is emplojpu In the 
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early days of ^as eni»ine work it 

was easy to remember 

rough ly- 


Ib'at pass(‘(l to w'at('r jai'kc't 

40 iier eent. 

Jleat left in exhaust gases 

. 40 

Heat eon\erted into work 

. . ,, 


H»0 


111 tlio cxjit't iinciit'- nia(l(‘ by Ifu* Tiisiihitiofi 
pincers’ ( 'oF^miil t(‘(' <lu‘ full load laal balancc-sht'ot was t!;iv('n 
as : 


1 '< (L’lljt 1 in •)! 

l.ni 

t' 

tv 

I X. 

Ivvliaiot . 


j- -1 

0 ' 0 

:;ii .s 

.laclvi ( w !0 (• 

. . . . 

2.1 

2 a ^ 

2 :> u 

K.iOmIH'Ii 


7 »i 

luo 

7 a 

Jt.il 1 ’ 


20 7 

2 .S 

2 a s 


Total 

a:i 1 

107 0 ; ini 0 

In these experiments 1 hi' < 

.'xliau^t 

wa. te wa'^ t. asiio 

f>y jtassiiig the exliaust gase> 

• nto <1 

wateri't ealoiimeO' 


da»'kot \\'as<< was UKa^uictl as tin* jU'<)diK't <)uan1if\ of 
caioliu^^ wafer pa.sM-d aud ri.-c of l{‘Ui|i(.Taf in«' IJnrhafi(ir> 
iiicJudes (‘U_iiiiK‘ frien’ou a^ well as radiation jirojier. ii flj\ 
was measured liy a. laipe brake. 

iMiyine ]j .shows a dt'fieit in the total, .so tliat ilau'e must 
hav(‘ been some ern^r iti tlie (wperirmmt^ Hn^/ald derk 
in iiis |)a})(T * before flu* Insfituiion of Civil EnyumaTs, “On 
IIk* bimils of d'hermal ]'dli<-i(n(*v in Internal Coinbustion 
Motors," (‘ridea\ (lim'd to eorri'c* this ne asurcum nt from 
.s('veral dillerent [lossible jioints of view', lie also ('xtc'iab’d 
the same tieatnu'iit to test? H and X in order to ^ijet the true 
lialanee-slieet. and })uttin,L^ in 1 H.lh instead of b IJ P. (the 
(Vimmit tee's reei.mls were eomjileti' ('nont'Ii to perTiiit of thisj, 
he found ; — 


* Fdmiary 20. I<t07. 
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Designation of Engine. 

1 ^ 

R. 

X. 

Exhaust waste .... 

. . i 41-0 

t 

.371 

39 9 

Jaekot waste and radiation 


1 29 fi 

25-4 

T.H.P 

. . ! 31-8 1 

Xi 3 

34 7 

3\)tid 

i i 

. . 1 louo : 

100 0 

1 

1000 

derk then points out 

that the 27-2 

per e(‘nt. 

of jai-ket 


waste and radiation for test L is obviously too low, and that 
heat ajipears to liavc; lieen lost in some way. He tlieiidore 
took Hie total of the exhaust waste and jacket wastes and 
radiation items, i.e. GS-2 per eent. and attributed ,‘)41 per cent, 
to each, so making the balanee she(‘t into : — 


De.signation of Engine ' 

L. 

R. 

i X, 

Exhaust waste . . ... 

34 1 

37 1 

39-9 

.laeket wast<* and radiation . 

34 1 

29 <) 

25 4 

J.II.P 

31 8 

33-3 

34 7 

Total 

1 00 4) 

100 t) 

100 0 

Clerk considered this balanee- 

sheet 

jtrobably 

r(‘[)resented 


the distributiem of heat in the engines more accurately than 
either of the otliers. 

These various attempts at a heat balance-sheet have been 
given in order to show how very ifdlieult it is to obtain a really 
aeeurate statement, ddie exiiaust wastes originally given for 
L, R and X were 35- jier eent , 4 0 0 ]>er cent., and 39-5 per 
cent., and have now become 34H per cent., 371 per cent, and 
39-9 per eent. 

But the matter does not end even here, as Hlerk brought 
into use the values found by him for the .'.peeitici heat- -values 
which showed a maiked increase with rise of specific heat--- 
and used them in some separate exjieriments of his own with 
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the engine X used by the Committee. He tlien found that 
the balaiiee-sh(‘et became . - 

Heat-flow during explosion and 

expansion . . . . .10*1 per cent. 

Heat ccjntained in gases at end of 

ex])ansion . . . . . 40-3 „ 

fH.r. 340 „ 

llK)-0 

C(unpare this A\jth flie )>alance-.sheet given on p. 142 based 
on the Comnnt t('(''s experiments ; 

. - ... _ . ^ 

(’(Mumitteo'.s ! Mr. 1). C's 



IriuLs. j 

Trials 

rlwiiiitr liiui rvpaiisinn . ; 

2.V4 

ir. 1 

f{* jl (‘oiitaincd Jii gases at eiaf of expansion 

;;!> [) 

43 3 

i.ii.r 

34 7 i 

34t) 

Total 

fuuo 

100 0 

Th(' discn'pancies shown h(‘rc are 

iiuh‘ed 

serious. 

Cl(‘rk's comment on them is as follows: 

The 

indicated 


work is practically the same in botfi trials and th(^ sum of 
th(‘ other two itians is the same also, but the di‘».tri})ution is 
diflcnud Less heat flows through the evlinder-walls as 
di‘t(‘rmin(‘d by the author's (Mr. (lerk's) mwv method, and 
tlie exhaust gases contain mon* ]i(‘at than the Committee’s 
calorimeter trials show\ The ordinary trials show^ 0-3 ])er 
cent, too much h(‘at as passing through the cylinder-walls, and 
praclically tlie saim^ amount too little appears in the exhaust 
calorimeter. 3 hat is, 1 S-S piT cent . of the total lieat remaining 
in tlie hot gascKS at the end of the expansion passes into the 
cylinder water-jacket during tlie /low tliiou*xh tlio cxlrmsf 
valve iipdii the hist openings and wlii/e f/ie piston is /naAing 
its exhaust strokt*, 73iis seems to he a quite reasonahJe 
portion of the total fieat. smh a jiortion as e.xperienco would 
lead one to expect. Thix* new' diagram trials atfe^rd, in the 
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iuithor’s (Mr. Clerk's) view, a ition* accurate lieat-disirikution 
bakuiee-sheel Ilian has ye( been (»blaine(l in any eji^ine. from 
whicli can be dedneed tlic ideal enieieiicy of {\\c working liiiid. 
Adding iogc'lher 

Ib'at eontain(‘d in g.iM's a1 end of (‘Xpansion . 4{)dl 

l.ii.J‘ 




Then ' * — 0-41. Thai is. if this balance sheet bt* correet 

s:{‘) 

and the heal loss be as.-^uined as entirely incnired at the b(‘gin- 
nin^ of the strok(\ then tlu' maximum i‘fliei(mc\ ot the actual 
w’orkii'g (luid for the eom])r(‘.'>sion and expansion 1 1 per cent.* 
of the total heat' supplied " 

K\en with such very eonsidiaable diserejianeics in the 
heati balanci‘-shcets as tho.^e dUc ii.'-.-'cd abov(\ tla‘ student 
will none the l(‘ss nauark that the heat utilized has now' grown 
from about i!0 ]K‘r cent to well o\er d(i jier i(‘nt. 'JTis 
all-important iinj)i oveincnt ha,'^ o( curn'd tluu'efoiH' in spite 
of th<‘ many uncertainties as to how’ tlu' lo<t IkmI divided 
itself up. It is ind(‘{‘d one of the fortunate featiu'i'S of gas 
tmgiiK' manufact ui'(' that imjiroMunent- do lud hav(' to attemd 
the s(‘tlienu'nt of the many intiieate pioblems with which gas 
(mguu' opcTation is bound u]). but p]'oce(Hl h\ the trial and 
error of cxperinK'iit with such guidance as theoret ical considcTa- 
tions have Ixm able to alTord. The great want which in the 
past caused so much theondical dilliculty was accurate know'- 
ledge of the values of the ^p(‘eitie heats of the working tluids. 

98. Engine Tests.- (u) The foiy>w'ing figures are taken from 
a t(*st on a -t)0 11 V. engine atid suction plant by IMathot.i 
The engine was of the four-cyck‘ doubk'-act mg type and wxas 
test('(I at the w'orks of the well known tirm of (lasmotoreii 
Fab r ik , 1 )e u t z - Col ogi u\ 

Piston diain. . . . • . -Ij in. 

,, stroke ..... 27,'*^. in. 

* “ Air stiiiukirrl " ( flifirucy for this cnjj^iui* - 0 49 ; the “ Oas 

stauilard” of (llicii'iicy warn’d (see p. Srd be SI per cfMit. of this or 
0*40, which is very iK^ar th ‘ figure, /d)ovo givoji. 1005. 
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(.'nrn s| ..lidijiu 1 I) I in.'il . tlio tir-> llijxTrnJ 2 1 I j)rr . cid . 

lilV - 

\Vii((T in iiall.s. |M‘r 1>.J! r.-h<»i!r 

1. r'or cooiin^^ f\lin<ler, stnCUnt,^ l;o\<\s, \aivv 

st'al". and jacKctis . . , . . ‘{-(if) 

2. Kor fodlin^ ]>i^<()n and piMnn hkIs , . I-Td 

:J. Kor vaj)oir/t'r 0 (1055 

4 Foi' ua,>!iin;; tlic in tjic scnihlaTs , 1-42 

Also-- 

VVattM’ donv(*r1(‘d into stt-ain 
])('r 10. of fn(‘] runsunicfl jn 

.... 0- 1 0:1 galls, or 1 -0:1 Ib. 

(5) Tn a carofiil tost (‘arrif'd out by J. T, Nic-olson on a 
( rosslev ga^' onginc and siadion pr-iidnccr ])lant, llio cal(»rific 
value of the gas was |5(‘r5 [\ as didtiininod by analysis, 

and 140 b.Jii.l . ja-t < ubie fo(it by , Junker’s calorimeter at 

* ln(‘ln(jcs n Lours of firch }>aiiked up. 
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t he 1(‘in|){'rat uiv and prt's^iire of the ealoriineter. The following 
iiieasuic'iu('ijls wcne inad(‘:— - 


IJil.P. TmI). 


(hi.> per hour cu. ft. eorrerted to 0 ' C. and TOO nim. 

(Jas j)er ll.ll.P. - ol lH eu. ft. 

Heat su])])hed T)!-})! v 150-0 -- S,I2S R.Th.lh per R.H.P.- 


hour 


PI,, 1 A- • LOSO.nOO^ 1 

Liake llK-nnal eilieienev— y 

77S S,12S 


2,540 

SJ2S' 


])(']' (‘(‘lit. 

\'ariation in eiigine spc-ed wlien liorso ])o\\er was instan- 
taiK'oipl y drop}), d fnan 0<Ki to 50 wasfroni 1 10-4 to 121-4 r, j).ni., 
('oiresponding t(, a total variation (4 L'! })er eent (4 mean 
s||(‘(h1. No ))aek4iring was observed to tak(‘ })Jaee when 
tins was done. 4’hese te.sts show rein.iikalily good th('nnal 
ellieienoy and satisfaetoiy closcaiess oi goveining. 

{(•) A Hill'd trial is that of a 150 B.H.P. six cylinder vertical 
gas engine winch was inn for si\ lionrs on full load. Tlie 
gas w'as taki'ii fioin a- }n‘e''.'nre |>rodnc(r ami had its ealorific 
value m(‘asnre<l every hour by a Simnianee-Abady Calori- 
metei'. Ibaidings wd’e taken evtu’v hn]l-!'our of the E.ll.P. 


Avi'rage air tetnpeiatiire . 
Average air ])j'e'-suje 
(hi, ft. gas it^(‘d j)er hour 
Averag(' Galorilie, value (lower). 
Engine sjieed . . . , 


B.H.lk 


72 2 E. 

20 50" llg. 

12 . 000 . 

J2<si 1> Th V. {)er cu. ft. 
525 r.ji.iu. 

I51-:k 


L.Th.U. eonsumed liy engine jier P Il.P.dionr— 10,590, show- 
ing a brake tliernial t tticienev of ^ :=^24-l i^er cent. 

] 0.500 ::77S 

90. Governors.— ddH‘ most n.^ual t vjie of governor lias two 
balls fastened by arms to the shaft and rotating with it. Such 
governors are shown in logs. 45 and 4(). In the former figure 
it is arranged on a vertieal shaft, and in the second on a liorizon- 
tal one. In Fig. 45 A is the shaft ; it carries on it the bracket 
GAL, and at (\ and aic hingcal the arms I), and Dg carrying 
the balls llj and JL. As tlio shaft rotatc's the lialls tend to 
fly outwards by c(‘n(rifngal force, and in doing so lift the 
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(2) Ivcdun^ tlif ainounl of fuel ns(‘(.1 pc r eycde, leavin'^ the air 
8iip])ly inilonehcd : or 

(3) lU'diuM' lli(‘ ainoinit of l>ofh feud and air kce]>in^ the pro- 
poi'tioii of fuel to air the same; or 

(4) ( aiisetlic' iLoiilionto <‘ome later, or he eut off altogether. 

101. Hit and Miss Goveminj?.--The lir^t of tlu'^' alterna- 
tive's is known as " hil-and-mis> ^ovcTinng, heeanse whi'n 
the sp(‘(‘d tads too hiph the governor htvc'r is made to lift up a 
small of nudal w hieh lie's hi'twc'C'ii t Ih' sras vahe ta}>])('t. 

a,nd the valve sti'in. ddiis i.s shown in Ki<f. 4 7. is the ]>ie(a' 
of metal in (juestiuii Whcai the earn 17 pushes tlu' rollc’r 




it make's the* 1appe*t real 


t n H k w hie'h is p»i voted at 

W' 

1> push t he* valve* A ope*n 


(The* valve- .\ i*- the* gas 


aelmissie)!! valv e* , afte*r 

r 'kil/ 

the-g.is pas^e*s this valve* 


■ ^ H join.^ the' air supply, 

and both pa>s 

Wm valve, which ojx'us 

■ a lilth' c'arhta. into tlie 

■ e‘\lmd<‘r.) 'This eould not 

Ik* done it l» were* not in 
line l.K'twe'C'ii t'aml A as 
shown The* }.^overnor 
lever hits [J out of this 

Jog. h i)i.i|.a'an) illiotr.u mp Hit 

uiul Mls^ ” iim* Av hen the' spt'C'd is to<> 

hiiih. and t lu' valve* A is 
e*onse'< jue'iit 1\ not et]Kiu*d and no aas re'aehe'^ the* e\lind<*r. 
Thi-i reduri's the* e'ni>ine‘ >j)ee*d until the eo\ ernor aya in Jiisf'H s 
the j)i(*ee* II The e'liciiu* spe'e'd will the're'fore* Ik* ke})t steady 
at all loads uj) to the* maximum load the* e'u^^ine* c*an take 

The* (’IU*et of hit and miss eove'rniim is ede-arly shown eai 
the* indieatetr diam'am. In Kiye IS is shown sueh a eliagram 
taken elui’ing two suee'essive* stietke's of an e'ligine*. d’he ‘‘ Iiit ” 
or working stroke* is shown at A('l), anel the* "miss” e)r idle? 
stroke is shown at All The e*ompression line? of ‘Aniss ” 


stroke lies he-low that eef the " hit " This is tK'e*anse' the gas 
valve is elose'd on the sue-tion stroke and the air valvT aeting 



CHAP. V] 


THK (JAS KXUIXI:: 


no 

is not lai-uo oiinijuh in Jill ihc ( \ lindcr thi'oitlmL! 

1lu‘ cnirrinu ai?\ with thr (*(inse<jiiriic(‘ that ihr ’ miss " suction 
lircssiirc lint' lit.- ht'low that ot liit^ 'hit " suction It will 
he iiolict'd mort'ovtu' that tht^ t'ttnijirc^su.n liiu AH almost t'oin- 
(‘id(‘s with 1 lit' t'xjian'^ion line l>A. In ordt'i to t'\hihil Itctfer 
w hat was ifoiim on durnii! 1 lu' two '-nt'tion stroke s a suction ’ 
di'iLn'am was takt'ii. 1 1 )s show n in k’lii t!t. A suet ion diagram 
js t)nt' taken with a \<M‘\ weak s|Kiim ami with a stop (ivesl 
ahovt' tlu' indicator |nston to limit its ah<t\»' a [loint 

eoi-ivsnondiiiii to ahont alh jx'i stj inch ’l'h«' " hit ' and (lie 
“miss siittion sliokcs both start at \ hut the lattci' lies 
at ^\1> inmli below iIk' loriiK'r at \lt d he hcuuinifiu ,){ t)u' 
eomjui'ssjon stroke's ao' ivsjM'ct i\ <i\ I’.f and DK \ \ is thi' 
('\haust line all(‘i explosion, and it is sren to t.dl hedow t ht* 


p 



Fi( 7 . 48 — Indis;. a .f lii.ut.im, ti-'in .i s’X 1 , p pa i ('■< \ ul 

I i a aiH I ’ 1 ' 1 M .vri'ii 

at mosj)]i(>ric line ; this show s t he wei \ uo lul “ s( a \ e jajinc oi 
( learinu out, clh'cl of the i ush e»l exhaust i-ases alonp the 
exhaust ])ipe 

102. Exhaust Goveniini’. ddie sc'cond of th(' a!t( rnal i\ e's 

nu'idioiu'e] in paragraph HM) is f ailed <juaht\ coxa'iiiiiiL!. as the' 
govi'rnor is Ik'IH* Us(*d to re Ji^ce the workinir i harc(' in fichm'ss 
oi‘ ([uality. 11 do(‘s thi" liv jHirthf cultinjj (»tT the fuel sup[tl\' 
ddiis rediK'cs th(‘ mean Ih('rma) value of the chaiiic a'lmilted, 
with the I'esuh that I he jiicssine piodm ( d is les- and t he enciiu' 
sj)e('d falH to its normal valiu'. d he disad\ <uitage of this 
iiK'thod of govei’iiinu is that the eomjiosition of the mixture' is 
eontinually \ar\inu. ami it i^ not ])ossihlc in find anv fixed 
ignition point to suit <dl mixt ine'< .Moieox ('r if tlie mix) uo' he 
made too we'ak it will not fii<' at all 
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103. Quantity Governing. Hiis is ihv ihoIIhuI of the third 
of file alUTrjjil iv('s i<i\('n in paragrajdj 100. Jt consists in 
throttling tiu' Morkiii^^ cliargo, of air and gas, as it is a])Oiit to 
enter tho cvliiKha-. TIk' constajuciK'i* is tliat at the end of tlio 
suet ion st rokc onl y a j):ot of the uMial charge has got into the 
eyliiah'r aial lli(‘ {)ressiir(‘ is tlaa'etorc' less than atinospherie 
and th(* coin jtres -ion |tr('ssnre is imieh rt‘dueefl. 'Jdie low 
e()ni]m‘ssinn |)r(‘ssiir(‘ jn(*ans a low e\|)iosi(»n |»r(‘ssui-(‘ and th(‘ 
<'ngijK' ^|)(a'd tiaa'elofe falB l>aek to its noiinal ainoinit In 
this nnMhod of govianing. as iji those |)i‘<‘vion>ly nuaitioned, 





Fir; t'l - iJingram ifom sanx' cppuu' as Ki-r 

tlie eorn])ression ivttio is nnalhatid. and the “air standard" 
of (dlieicaiey is also nnalterial tjluanlitv governing is coining 
more into lore(‘ At one time it^ was onl\ usi'd on t Ontinentaf 
engines, hut lanv is xcry gmieral in largi* engines made in 
England and \meiiea. 

104. Rettirding Ignition, dins means ot alt«ring engine 
spe(‘d, thongh 1 hian'id iealiy feasible, is not praeli< at. To make 
the sjiark eome latm- in the expansion stroke. inst(‘ad of at the 
VCM'V b(‘giiniing ot it. is, of eoui’se, to diminish ih(‘ average* work- 
ing pjvssnre and theri'toii* Uk* sjiu'd of the (aigine. J>nt as it 
leads to the use of just as miieh fiud whether the engine is 
giving a lull power stroke or not, it is niK'eonomieal, and as 
moH'over there is flu* risk of some of the eharge getting into 
the exhaust un burnt it nniy haid to nn[)l(*asa.nt (‘Xjdosions in 
the (‘.\haust ]Hpe. ('iitling otf th(‘ ignition altogether intro- 
duces the^ same* disadvantage's in an aggravated form. 

105. Present Practice. - (h-nerally Sjseaking large gas engine's 
usually have* qiui fUtfn (jtyrcrunHj^ whilst small one.'s ve'r}^ com- 
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itioiily lul-ai^d-mis.sy Mc'.tor cnr ami non) ni^iiu's wi't' 

usually govcriHMl hy luiml oii t-lio so protluomg an 

UTogiiinr qiiaaitily govoria'ng. An ohjca tioii to tJio hii-aiKi- 
miss’" S 3 \<tein is that in onlor to prorliK'O a roa^onahlo jihm- 
suro of mViformily of angular v(‘U)oil\ iti llio trank shall a 
vory }it‘av3 ll\’\\hor] hoconh-s ma ossai v. This adiU to tlu' 
oosl tif llio I'ligim- and dinnmshos its mc.'lianical .■thciciicy 
It m,JN in fart Ik^ said th.it tlio inorils wha h ha\o (‘iialih'd 
(lu‘ " Int-andnniss " gtair to ko u.-ial a^- much as it !< ai<- i!s 
gri'at. nioohanical siniplicit \' and its ahilil v l<« kot'|) ctanfant 
t ho [uoportions of ^as and air in t ho im-oinniL' ('har:^o so 
onahling th(' (‘iigino always to In* run on its most taononiioal 
mixtun^ Eontinontal malou'^ \\oi't‘ tin* kiist to iticak a\\a\ 
Iroin t his -ydoin of goN’oiJinm, )>\ ainniL’ing that t ho tio\ ( miioi‘ 
iihoiilil piodnoi* a vanal'io lilt of tlio ga^ \<d\'o h\ nioaiis of 
a oonii-al oaiii \s 1 ho air -aippls ua^' not intorfoiotl ui(h 
tins nioant a oontinu.dlv t lianidiig riohm'ss <a' thaiL'o and 
hiMioo a oori'ospomling ohango in tliormal oClioioiH^ . lliis is 
woll shown in fig -M on p. 'sT. rh(‘ t<Mulono\' now istowards 
a rogiilation ol hot!) llio ga^' <m<l tla^ air supplies Ity throttling 
tlioin after inivluro. with the ad\antag«‘ that the niixtun^ 
hoing oj oonstant oomposU ion the la.lo of igiiii ion )loo ^ not 
vaiT with the \'ar\ njo position of iIk^ g')\<‘rjioi’ ’ho^onl 
pr.ictioi' has not ^olth'i down to an_v doln.itc^ly a<Mp!oi) 
standard, and there a'o low niall<-rs reko in_ to tht' ga.s 
(MigiiK' Avhu h are the subject of uion patents. 

106. Tumiiig Moment at Crank Shaft. 'I'h<‘ pie. sutv exiati d 

on t he j»i>t on during the (wplosion siiok«‘ talk rapnll\ as the 
gast's (‘\pand Thus t Ik‘ total torei' e\ei t< d on 1 he piston is far 
greati'i’ at the early part of the stroke than it i^at nnd-'-troke 
and still great (M' than it is n?‘.ar the mid of tlx* .stroke. Also 
the Jingle hetweiat the engim^ eentit‘ Inu‘ and lh(' e<ain('eting 
rod is eont inu;dl\' ehjinging; ;i.^ t h< pm’pondijaiko- distjinee 
from the erank-shaft centre to the line of the eonneetnig rork 
This leads to ji very irregnkar turning elTort at. the erank- 
shaft. 

Thus in Tig. oti.if R hi' tlu' force on tlie piston, P th(' force. 
aeting along t hi' rod. and H the rejietion ftom t he e\ linder wall, 
R and \* can he eak nkited when E is known hy applying the 
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triangle of forces as shown ; thus J* — F cos(‘e 1>(^A. The 
turning moment about the (Tank si aft eentie A 

~=\\ All. sin AiU^ V\Ai\ 

This is the torqiu* (hat causes lh(‘ engiiu; to do work. 


i 



In order to study it moi'e fully it is necessary to consahT 
the variation of V during th(‘ cycle N(»\\ F is })roj>ortional 
to the height of tlic indicator diagram, and if tfa^ tour suc- 
cessive st n.»k(‘s (jt a four-st roke (‘ngiu(‘ aie set (uit in oiU‘ straight 



I’kj, r»I.- Eliort tcndiiii:; !<• laitntr ('r.ink m ciirh ot Oh- Four Sirokr'c;. (Pres- 
sures (>|»|)<)Sin^ iiiolmu nl <T.uik piji an' shown as m-gatur ) F,jr iudi- 
(;ated diagram re[»n'sentiHl, st'o Fig. 41 . 

line and the indicatoi- diagram luu‘s are candully rejiroducod, 
a diagram of the form shown in Fig r»l is obtained, (are 
must be taken to allow for the ^' vjn of the firessure, e.g., in the 
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portion of t]»o curve eorres] ponding to coniprossjoii, the })iston 
is r(‘t;u‘(ling the motion ot the crank-pin and F is negative; 
that portion of the ciu ve is therefor(‘ placed helow thc^ liiie AK 
in Eig. 51. TIk' diagram repi^ats itself after evt'ry hmr 
strokes It is oh\ ions fnnn FJL^ 51 that tlie forct' k' acting 
on file j)iston vaiF'S viav guaitly during the eimijik'te cycle. 
To nanedy tliis it is jxfsMhlr to have two {‘\linders acting on 
the same crank-' halt and tt) put tin' cr.inks at an angle 
of lS(t to om* another. This nu'ans that while the lirsl 
(Migine is on its exjilosion stroke th(‘ sis-mid will }>e on eithi'i* 
its exhaust or cami ju’ession str<»kes, .so that tin* erank-sliaft 
will get two impulses (wery four strok(‘s inst(\ad of only one 
impuLse. This mav be furl her imnnivaMl by having huir 



^ kur '-fy 720"' 


Fig. r»2 ,S,mi» ns Fiu; rn, t>u1 Milli Four UViinks at IH(l’) 

(\lind(‘rs so that thi-re is an e\j»losi«>!i in twery half revolution 
and tlie ni't \alue of F is ass*liown in Fig. 52. I’]v(‘n this eurvi' 

is very saw-toothed, but it giv(‘s a steadier forward eiTurt on 
the crank-pin tlian does Fig 51. 

107. Inertia Forces.- IIh* mirve of Fig. 52 is also sulijeiT' 
to a further iniliamee due to the inertia of the moving parts. 
If the engiiK^ rotated very slowly this conx'etion wa>uld hc^ of 
littl(‘ imjiortanee, but at ordinary migine sjnaals it has eonsidiT- 
al)lc intluence. At the hcginihng of the ex]dosion stroki' the 
piston h at rest, and hy mid stroke it may he moving at 2UUO 
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ft. p(T min. Tfiis m;vin^ a (‘on-;ijl(‘rabl(‘ aocolcration and 
thendorc calls for an ccjnally considerable force to brin^ it 
aboul Some of E, l}i(‘r(‘fore, is i'(‘(niired in over(*omin^ tlK‘ 
in(‘rtia of t he ja'ston and small (md of the <‘onnec1 inir rod Iw'foie 
any force can b(.‘ t r'ansmi1t(‘d to the* crank-pin. ^I’his b)i'c(‘ 
isiiotdost. l>ut i‘('a|)pears as 1 he pislon slows down in th(' scaMmd 
half of lh(‘ sti'oko. Th(‘ cHecf of iiaa-tia th(a(‘foiv to lowt'r 
the peaks of Fi^. 02 to art amonni dejrendiniji: on the (‘iiyiiu' 
speed arid to I'aisc tla^ vall(‘\s bv a similar amount. This is 
a useful etb'ct, as it temF to irrinimi.M^ (lie .^aw-toot heal mss and 



FlO 53. — tSanif* Fiji. 52. hut with allow (uu’n hu Ita'ilia of 
Ko(*ipr.'<‘al iriii Parts 


cliange it into a ciir\(‘ similar to that in 52. Th<‘ amount 
of this change dt^pends on th<‘ spe<‘d of rotation, and varies in 
proportion to its sijnare. 

108. Flywheel Effect^ — ’the kmetie energy stoicd up in a 
flywlu't'l is calciikited irom thc' following formula or om* 
derivt'd from it. 

KE 'ler ft.-]f). 

where I moment of inertia jiKout the axis of revolution 
and ( 0 angular velocit y in radians per second. 

From thi^ it folhnvs that 

(I (f) 

For a small variation in o) comjtared wit!) KE it i>s therefore 
necessary that citlua' 1 or e> should be large. For th(‘ ordinary 
purposes of industry it is suflieient to ensure that the range 
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of aii^ular velocity nover excoo by nH»iv < lian ,’Ah to 
pari tli(‘ iiKMO spL'fMl. l^'o]* 1 lu‘ (Iriviny of (‘otit il^lou^ <‘inr(‘ii1 
^aMKTaioi's ()iil\ hall lli(‘ above variations are pi'inus^ibli', 
uliilsifoi ili(Mlj i\ in^r of all ('rna tors in janallcl t hr rrijunernents 
ar(‘ iar inon* slrinuiMil, involvjn»i a piainissiblc^ >j)rr'il \ aria 
lion of biii , -'^,,1h or (‘Viai in some < mm*. s h jiait nj the mean 

Mathoi* has snyyestrd the folloMiim forinnia f(»r iim* tn eal- 
enlatiiiLMln' (lmienvi,,us whirl) ^hoiihl l>r oi\rn to tlywhc'els 
oi tlilfeii'jit t \p('s ot Gtlo ( yele (‘nyines ; 


w hc'T’O 

l‘ - weiulit of rim (without amis or bo'^s). in tons. 
1> diamiti'i' t<» rriitir <vf vra\it\ ol iim in leet. 

<f (lerirt* of (\rlir iiier iilai it \ permissibh*. 

V riw oliit loie- pel minate 

N IMI.P. 

/• eoi'lliririit determliu'd as below 


i'or sinyle (ylimh r. 

''iiiL'Ir at 1 inu 

/■ - 

t 75 n(iO 

I'^or Xw o opposed I \ 

lindeis, single aet iny , or on* 



ey lindi'i’ deaibh- a 

' ! !»:«■ .... 

/ 

:to(i non 

For two eyhnders 

^iiiLde aetiny, tandi'in or 



twin 


/• 

!'n(i 

For ( w o ey hnders. d 

onbleaetine tamhan or twin 

/ 

75,1 h ;0 


Note d'otal weiL'ht of tlyulieel may be put as l-t \\ 


109 . The usual way to ^peak of cyclic iTOgulaiity i- that 
abov(‘ d(‘s(‘ril X vl. I It amonnis ((» detininy ( xrlM iiri'eii- 
larity as the fraetion whieh the raiiLO' ol in>tantan(‘om 
anenlar \eloei1y' h<*ars to its mean \alne in any *. 111 * < om~ 
plete eycle. Theie 1 .-. liowev(*r anotla r way ol et .jisieh'riny 
tlie matter. 'Jdins .Mi-. L. Sehulm* in a jiapia- oeahn;^^ with th(‘ 
di’ivin^ by aas ('iiemes of alternatois o])(‘ral<al in jiaiallel 
remarks: “ Tlu' sjxa’d ol the nia<*hines should lu' as uniform 

* ('oinha^ti'in .s (I !» in), 

t This i-: 11 liirr.- ;M'er|ar(l w.»y ihaii t h. 1 dr.*-erib <1 in <h' t\" .1 
iditioii of (iii-. lidolx. 
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as possible and should in any ea.se la* sueli that llie ain])litude 
of the angular o.s( illation do(‘s not exeeed two eleetrieal de- 
grees.” An (‘l(‘ctne degree means of eoiir.s(^ . ,';,,ti^ ]>in1 of the 
angular dislanee, th(‘ passagiMif whieh liy the armature corre- 
sponds to one elect rical evel(‘. It becomes therefore a matter 
of int(‘n‘st to see how the one form of eom])utation can be 
turiu'd into th(‘ other. A good deal dep(‘nds naturally (in the 
rate at which the speed variatiim rises and falls, but for a sutli- 
ciently close approxiiuat am it may be taken as a sine or cosine 
curve. TIk'U the angular v(‘locity o> may be writttai as equal 
to 

a -f b cos cb. 

\Vh(‘n‘ 0 is th(‘ angle the crank has moxaal throughj a is the 
mean valia^ of tlu^ angular velo<at\, and h is iis maximum 
variation from tiu' mean, so (hat tla* .spee«l oscillati's l)etv\('(‘n 
(<t -j'/j) and (u - />). If r be unity t liis o.scillation occurs once 
in a r(‘V()lution, but if c — 'J tluui it occur- t\\ic(\ and so 
on 

Tiiis may be written 

tjj~ (t b cos rO 

(ii 

, (10 

or at - 

<i -\-b ('OS rO 

integrate and 

rO 
A a 

. tan ^ 

\ \(i~\-b 

where A is some constant, • 

Put 0 — i) when t -- 0 and therefon* A — 0 

/ - 

ty Va b tan^^ 

so that 1 =: - tan~^ • • • 

Now ^ is half the cyclic irregularity and may be given a 
a ‘ 

svmbol— “(‘all it ?//. 
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V{~7n tan 


tlicTcfore /= ' 

(i( \ 1 ),r 


V 1 f?// 


V I }>! tan 


ffCi\ I //,2 


0- tan 


i\ ‘l i-w 

, , , 

\ 1 - )n ^ 


xNow in is ahvav'- small (M)m}>aro(l 1<> niiity \ 1 -f- 7)} ina\ 
1)0 Wjitti'i; as (I -1 \77() ami )7r be m\irl<‘e<o(l : 

hei’efnre ** Pin ' ' ( I -4- a/)1aiG I. 

^ ‘ IM 

Now w( le 7H lealiv Z(“ro tins ('(jiiation v\onl»l p;ive to 0 a value 
a(]ua] to 

L> , arf 
t<in ‘ tan - of. 

t' 

I all tin- ^ai!a It'-ally it moan> tli(' position of the 

orank at the iiisiarit < let t'nnined by f if the aimular velocity 
W(ie 'ha'tl}’ '.jnil'ofm eipial to (/, 

\Ve mav t}aa(‘fore wj-ite - *' tau'E' (1 -(--/a) tan ' (1^ 

0 * 2 1 

whicii is the solution. 

If. for (‘\am])l('. r- I ami 77t- 


then 0-^2 tan 1-005 tan- 1, 

t 2 ' 

From this we see that wlien O^— li^tF, 0 beeomes 

1! tan ’ 1 • 00 ."') tan Otb ^ 

I.- 2 tan ^ (1-005 1-7:1205) 

r 2 tan ^ 1-7-1071 

-- 2 / 00- 12'^ 

12 <e 2 t° 

or that tlu' crank would be nearly J degree ahead of its 
snp|-os(‘d position. ^ 
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It is useful to ^(‘t au e\])ri‘s^ioii for tliis (U'viatioii directly. 
Binui (.‘i) 

O—Oy, - " tau“* J(1 -f-m) 

0 ' I 

tind tlie niaxiiuuiu value of 0 — ditteixaitiating and 

' j Hating to zero. Tluai 

(1 fw) 'I f;I-| 

1 1 * ‘ 2 

J.fl 
2 " 

, o . ■><■<>« , . .,' 0 » 

1=- 1 Mir -I-?// wiir 
2 

. ./O, I 

sur 

2 2-1 m 

.y<'0n I 

tair - - ■ 

2 1 -T/// 

or tan ^ I - Im apjuoxnuately, 

so tliat the iiiaxiiiiuiu value ol 0 i.s found froir. the 


exprc^sJons 

0-(l„ - ■ t.iii '(1 
r 

E//)(l }-///)—(> 0 

and 

o 



0f-_ tan" ^(1 
c 

Ivi). 


'rherefore the inaxiniuin deviatir)n 

-- |tau^^(l-|-E//j'--tan'~^l~-^ ^a/)| 

2 , , 1 /// 
tan" ^ 
e S 

If m be so small that ??/^ can be neglected- as it practically 
is — this reduces to 


o m 

maximum deviation ^ ^an~’ 

c 2 


. . ( 4 ) 
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Jf foT' (‘xaniple c 1 and )n _ . (hi^ (.'(jiialioii jj;i\t's Ihi' 

l2.) 

iiiaxiiniuii (Icviatiou 

tair* ^ : 2 \ 2 2 i dc-H-cs. 

:a) 

\A Ik'H ji} is much smaller Hian , .^av ^ ('final ion (-1) can 

1^,") ‘ iNin 

lie a()])i'oximal(‘l\ written ■ — 

2 . n( , 1 

' - --- . So tliat with <■ I .ind n, the inaxi- 

r 2 c 1 > 0 (I 

iiuitn fh'vialion would lie ^ radian or o-2s decree. 

200 


hajualjon 12) nImovs how t!ie Aahie o1 0 ean he ealeiilated 
foi an} po^jt ion of 1 he uh'al ( tank and 1 1;«‘ d( \ lat wn ina \ ha\e 
ils nio>t iinjxtrtaiit (‘Ifeel ('!(•( 1 1 leall} ev( n wlr n it has latt 
itsejf its lari:e-t nnnieiieal \ahie |o'r dial itax*]! it is ih'^ir- 
ahJe to ha\e some iiie.in^ of ealeiilalin;^ it easil}\ in < a^es in 
which It is only (io^iO'd to hnd tJ-e nia\iimini (hxiation to 
some apjjfoximate ({(.'iiO'e oi aieiiiaex.it i," snlii-ient to (ak(' a 
mean value of tiie f'Xtf'- ,.n;.'iilaf ve!oeit \ and multiply it hy 
the time dmm^ whaik it f‘peiates. Thii.' d a^ In t<- / I 

and 7/1----: ^ ealliim the anj^nlar \('loeit\ e- the a\(raee 
200 . e . 4- 

oxeess ol angular velocity 

^ 2 (1) in 

TT 200 IOOtt 


and this operates through ISO' or for a tiriu' eipial to 

that the angular motion gaimsl 

e> TT 1 

lOOx (f> 100 


TT 

OJ 


.a) 


and radian “ d aT deto This, divided lietwctm tlie tw'o 

100 

ends of the period, givers a maximum deviation of o■2<S deg., 
which agrees with the d-2s deg. pre\i(jusly found. 
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For these values of r. and >// it may he said tliat the maxi’ 
mum dc'viation is about j of a d(‘^r(‘e. If the alternator has 
six pairs of j)oles ^^iving six eleet jieal ey('le^ during one meeliaiii- 
(ail one this deviation eould also he called ] (i or one and a 
half clectrieal degrees, whieh corresponds with Mr. Sehiiler's 
result. 


110. Balancing.’ d'he ])ro})lem of balancing the parts of a 
gas engine and })roviding for uniformity of toique as far as 
possible does not dilf(*r in principle from the eorrt^^ponding 
probli'in in tlu' ease of llie si (aim engine, and tlie autlior does 
not proposi' tlierefoie to devote a great deal of spjn*«‘ to this 
subject The ^tudimt should ref(‘r to what ha^ lieen wiitten 
on the subj('ct of balancing by Ihofi'^-^or iN'rry and Proies^or 
Dalby, both of wliom have inaih' a ^pi'cial study of lla^ matter. 
It will, hov\(‘ver, be advisibh‘ to eive laa'C a brii'f account of 
till' geni'ral principh's involved, leaving t}u‘ ap])lication to fie 
made t-o each and (‘Vi'ry [u’oblem as it pi(‘scnts itsi'lf Tor 
it must b(‘ remembia’i'd that, although tla* jiroblcm is oitim sur- 
rounded by complications which haul to tiu* mat htmiatii al 
work looking ditlicult and involvi'd, tlu'K* i.s iiadly no special 
difliculty about it at all. but nnu'cly a n(‘ce.s.sity t hat tlu'fnnda- 
mental principh's should be rightly applied and that the alg('- 
braic or arithmetical work should be carried through without 
mistakes. 


The sim|>lest. kind of balancing is that in which a flywlii'cl 
is light, on oiu^ sid(‘ and re(|uires a wi'ight (\V) fasteiaal to th(‘ 
other side in order to pri'vent any jumping or vibration wIk'II 
the wlu'cl rotates. This does not of necessity mean that an 
equal wtaght must be added to 1 Ik‘ otlu'r sidi‘. becausi' it do(‘s 
not follow' that it will be possible to jilaci* thi^ balanee weight 
at the same distance from thi'. ceirm* of thi' shaft, and tlu' cen- 


trifugal forc(^ bi'ing equal to orr (where e> angular velo- 

il 


city in radians per second and r distance in h'et from the 
centre of the shaft) it is evidiuit that the jjroduct of th(' W and 
the r in the balance weight must come out to a certain amount. 
If then'fore the r is very smalt then \V must be jirojiortionately 
greater, and inasmuch as the balance weight is often bolted in 
between the spokes it is clear that r wall usually be less than 
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ifii 

lli(' fadiiis nt llic 1‘jin of (hr wIh'i'I i.-- tin* >nii|>l(‘>( kind 

of 1 tala IK ‘11 'I'lii' nio.sl <*0111 plnalcd kind occurs in ( lio niot ion 
of a rod likr a coniua 1 niL’-n^k in whii-li one (Mid rccijtrorah's 
to and li'o in a >l rai^lit lino and f }h‘ ol hor rnd lolktw ^ a cir; alar 
palli, with t!i(“ iV'viilt that iiihM-inoihatt' j)ail> of (la* lod follow' 
a. (‘otn|f!iratod ('urv(' and oik not (m^v f<> Iroaf In siu-h a cast* 
a.>* tiiis it is ni'-t oiii.', 1 y to obtain an <i|»|)ro\iniat(‘ .solution by 
as.'Uininu t hat <1 ( (m (am j^ai I oi t ho roil is niaso'd at t ho i ritss- 
lioad and tfKM’i'-t at 1 ho > lank-jan. and it is not nnusiial to 
niak(' till" di\)sion of tli<' rod in inviM.o' piojtort ion to tlu* dis- 
iano(' of lh(‘ (( iilri' of jiiavilv from (mIIkmmmkI. d'iiis is onlv 
an ainniiMination iinlos^ it ha|'| ons that (ho rod is -o inado 
( w i I loll It ummIIn i.s no» ) that it hnii'j iin i roni t Ik* brj and lit 1 1 <‘ 
(Mids in iiii n it w ill sw mj.. ('iMKbibnn w t'-o w it h t h(‘ saino nnmb(M’ 
of s\\ ii(u--\\ a iiL’'< |''M nimnto \\ hon a nninbi r of iota inij; 
masses (roal oi‘ assinno<!/ ha\o lo hi' bakoaod it is u.sofiil, 
loliow inii I kdb\ s mot fiod. to 00 lO' a ha the jd.ino |m'| pcMidionlar 
lotlio .shall inwhiriiojK or inoio o| j horn ho I o la rotating at; 
the samo sjiccd a^ 1 ho ' hall and to diaw out on (Ins piano t ho 
loio<‘ dirOaohn 

111 . TIk 001 mo- 1 ifio iod mltiioiK Os ! ho jiroiik m ot I Ik‘ ri in- 
ning of tilt' oimnio lit inoth'T wa\ It tho crank pm lolalt'd 
uiiifornd\ and I ho vOiaiooInKj tod wore inlimtt l\ io ■ th*^ 
motion ol (};(' pision would b* .'smtplo IbnnioiiK’ aial the tliS' 
plaot Mitt 111 ot I ho pi st on fri an t Ik* iniddlo of it s st 1 okt w onld t>o 
) COS 0 at iIk‘ jn.st.inl wIkmi tho anpio ht'lwooit tho or<ink anti 
tho Imo of dt'.id tonirt's was fp the ladiiis of th<‘ «'r<mk-pm 
oirolo boiim /. Ibit llit* ooimoolniL^ lod m aotua) tMiiiiiit's 
iimi;i! 1 \ (piito sfioit, no\’fM‘ molt than t<Mi tinios iIk* lonpdh of 
1 Ik‘ crank ,11111 and nsnally noK'h loss 'I’his prixbiot's a oom- 
plit'attal mot ion of 1 Ik* ]»i.st< it ^aiid it will ho i|sotnl io 1 'aim la to 
osaoily ^\ha^ it is Lot P ho tho t lank-pin and \ tho piston 
which, in the po-ition -hown, i- at a distaiiof* All fiom tlu' 
bouinnmy^ ot ibs ,stt(»k<' Tht oiLdos () aial 7 ai‘(‘ as shown in 
flic diaLoain. ttP is r and \ P. / .\li wall ho w jit ton a.s .r. 
Xow it. is ( it'ar (hat 

/■ COS 0 ' oo.s Y I - l>t) 

\\i) f \ r 

s 0 !- / OO.S Y .K - r ... . (I ) 

M 


.and 

so that 


r o 
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AIm^ ^\o f)avt' /• sill () I sin r;' (2) 

It is n(n*(*ssarv to eoinhinc tlu'sc' two (‘{jiiatioiis so at^ to iind 
:r in tiains of known quantities. 
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1 iu] 


"'HI. ill .niHMiiit 111 all cniiiiK'^ an 
a jipi’t (.\jiiiat H in t<» Ihn ali«i\n nia_\ lin wnfUai a< 

// - i vi)> i‘t,' / 1 I ' I -nr"'!' ) 

/ cn-- < ;/ -.iir’ >■>! 


(I 




I in'- \('j\ I n 1 < i'( ''f 1 ! iij irviih «liit\\N tlial fla' pn^iiatn of 

piston can le stated as the snm of two S.H.M. s oiic of 

('O!'rr-()on(h loan inliinlol_\ ioinj < omim'i l .nu !o»! an*l I li<' ol liia 
In a S II M of ( w K ( I 1 m {m i I'mIm a \ and of an aiii|>ii! ijdr dr- 
|>(‘ndiiiL' on t lio l al lo oj / tn / 'Idm mot ion m la* 'I i- analoiioiis 
to I had ol 1 li(‘ ail o t into \ ihrat ion l'\ an oi 'ja - oijK' w hi' h ni 
add it ion to l:i \ iim it ^ Inndammtal not<‘ i.n\ t - ado a ^\^al^ 11 1 -.! 
h.iMiionia Mtlioiiiih tlii'^ lii'l hainioii!' uc.ih in ihs ('Iht't 
on t h( d 1^1 tha ''iii' Mt ' 'i I !n' jii'l on H i.- < on - idc! a h! \ inoi i pot rnt 
w hrii \ h" 1 1 M'" a nd at « • t« i a I a ai ' h i \ i t o I ><• 1 ,( 1 'ii i nt o ai ct ai id 
a- w ill pM'-mil 1 \ apiK ar 
SiiMi. lion I (d; 


y ( O' Cl! 


.hj 

d/ 


1 / 

(m 'an <'>/ 


■ I 


''in 'lot 


and 


•/“'V 

a'/-* 


o) I ' ill !■>( 
C'-t 'O.' 1 i/ 



(»d 

( 7 ) 


It is in I poll ant to imlo 1 hai , \ni‘f '-ion ( 0 ) w hi' h L'i\ c 1 1 i' 


N'olorit \ 

lioni of 
llic 

fona's ha 


oj the pnton at an\ pti-nl ha- tin multiphor m 

iIm' haMnomr tcini and that r\pn-sion iT) whuii 
‘ ,i( cchaMt I' >11 and thoHdoic ima'-niTs all tin- innitia 

.s tlir innlt ijihi j Jt hilh wa t jimvfoK* mat tho 
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tlucM.' jiiiill ^ in tlm liaim(»nl(* Icnn for displacrnuml , vdo- 

(‘it\ and ac( (‘Inal ion jam iLin, \ ^ and \ slutwinii lliaf a 

Al ^11 I 

ndio of ^ winch will produce a a p<‘r end diiT(‘rnic(‘ in the 

/ 

posit ion ol t h(‘ ])ist on w ill hriiiLi ahont a 10 per c(‘nt . ('han^e in 
th<'\elocilN and ahont 1*0 pn cent in tin' acc(‘lerat ion. It will 
now he reali/a'd that, w lini foices ai(‘ liein^ nicady lialaneed. 
th(‘ iinpoitance of tht‘ harmonic term must Ih' can'fnlly 
allowed for. 

It Is often ns<‘fnl to lu'ar in mind a simpk‘ rule for tli(‘ \aln(‘ 
of t h(‘ a( eelera t ion at t he (‘iid,'^ of t h(' si rok(“, \ e. w Ian n/ 0 " 
or' ISO h’rom lornmia (7) it will Im* scam th.il this k'ads t(.) 

. <e, ( I -f-'J, or 1 - 1 -') 

l-S(l ! ') 

a viU'V simpk rule, i e. tint the aec(‘k ration at the end of tiu* 
stroke I'' inoi'e oi le'-s than (lu S.II.M v.diK' h\ the traelion 
of t hat \ ahae 

112. Connecting Rod Ffi’ect. Tins is best ilhisiiaied hy a 

ceoinetnea! cnn.st met ion due to Ikites-'O d. llarriM)n. 
d'he ( oust I'lict ioi 1 Is as iollows : 

Ol) is the crank and .\V* the e(»nn(‘et im; I'od of winch (J is 
the ((‘Hire ol nraMty. 

()(^) and SH au' perjiendieulai' to AO. 

He is p('rpendicnlar !(• Alh 
St^) and ( k/ are jrarallel to \(' 

(tr //-.Ad wIk'ic /.' I'adius of avration. 

IA\ is pai'rdk'l to Ike 

TheuTXN paralk‘1 1(» fyO istladiiK' of act ion of the n'sultant 
of all the forces aelina on th(‘ rod and its value in ye^yAXN 
where — mass of rod and 7 anaulai vidoeity of erank-pin. 
d’he proof of this construction is aiven in Ik'rry s A'/ce/zr Enyine, 
and Juay tla rt' he r(*f<‘rred to h\ those int(‘i'ested. 

d'his diai.nam (‘iiahles th(‘ direction and amount of the inertia 
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THE GAS ENGINE 


i(ir» 

forre?? (l\ie to tlio < i-urt ( t iiiu nul 1o ].o ( for oach 
position of tlu* orajik 

Tf linpjK'iis to h(‘ ('(jiial to IIk' ])i‘o(]jh t of At ^ and t ;lk then 
t»l - /“ .\{l - (ij"> so that the point 1' wouM ooincidt' willi 

F5 and Hu* rcsiiltant fona* would |)a^s llnoiiuli t) and lionco 
llurc would be no wldppin^ etkrt ' of the rod. Gne oflon 



loa fir) - t li -ull .Hit: of ,(ll <!h* A('f'‘‘I>'r t< 'll ” n 0< iti j ftoil 

S(’('s <‘f innrct iiiu nxE pr'idnocd |.o\ond tlir ciai.k-inn wilii tlio 
ohject ot 111 iii;:iniji, about ibis i ( L; t lon.-liip \\ laai it ac-ur'- 
atoly O'biainid 0 \\i!i la* loinid iliat ila p'aimi </] swing tt| the 
i'( d abc'Ut I din r big oi litllr end will be the .sanu*. 


EXAMPLES 

L la till’ ( a‘-' ')f a slnol.- ai I ma ^ms / jia'aii w 'ils’! a mu n I lotki' 

<‘ \ •■b‘, i I If ' 1 1 It .m ' I a ( 1 1 \ I • j »i I tr t 1 - lo ' I ► j It 1 ' 1 1 1(11/. ' ' ( !i ' ! I It 1 1 I 

<)l (Gilidtf Sill lilt slotkr Sits. (Ik li'liiilx' o' t , x . .1 1 1 . i ,i , 

Ililllllti' 'IJlc L'o\ I !’|io» fills oi|( i i \jiloooll ( \t l\ o \ ' ,tl> 

lllf l.ll b V It \ , j. Ij M I h\ (Ilf ( 

"2 load I If ‘ 1 1 1 . ( ol a f ,o c ml;!' if o( width tin- pi (on i - 12 m di.i- 

niflf I , d,- t rank i- S m Ion*/. 1 hf f iiL’iii' in.dv. In'it v . ,lu! ton > or si) 

ovfif.s jifr niaiiitf, md IKi ptgtini. ol tli' po-f.i-lt' i \])l*.M<in'. ar ' 
(iiiiiltod. d Ilf naan aifa ol :dl (la- d(..n’'aiii-- on a i.iid t kon wdh .i, 

120 spring in llif indif.iloi ;o na.onrtti hv (la pi inini Oi i.s 2 02 

s(p inch : h nglh oj diafiam jiaralli 1 t • alino pla ot ina 1 0.'> in. 

'I! ol I-:. iS'Jh.) 

• 1 . d'lif ii'fan fl'fiiivf pr-f,"' rt on I h pi. (on ht.lh m lla lojuaid 
and baf k 1 1 < ik. , i > (»2 0 > pt i < p n / i 1 1 , f *. Ina I. i Is m dm in. i r ; 

( rank is in long V\ i i n i - 1 lif oi 1, < I-.in in on- i ’ --Ini i-ai 

• !l ol !■; . lOnil ) 

4 . Tlif |ol!o\\'in/ tl.O.i aot-t' It) Ok In. it- ot a l' i ^ • ri'jiia Sookf 
23 in.; di.uia tfi' of pi ;<.n Ini in : a\tr.ig«‘ M I'kl'. OS s ih p. j 
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iiiclj ; iiuinlxT t)t ( X| tlosioris ]H'r iinri. 05; <Mrcuiiif<'n'iH'i' of brako- 
N\ln-(‘l 24 5 ft. ; :i\t'rn;_u* ml load iioti'd in l)rak*^ lest 481 G lb, ; average 

sjfci'd 111 i'.]i 111. 100, 

Cal.-iiLUr ( 1 ) Till' 1 II \\ 
hi) 'I br 15.11. I\ 

(nil '14 h‘ iih <4i.i.nu-;d cffnacin-y jxT eeid. 

5. ’'I'lic fnli()\\in>j (l,it;i arr t.iUin from a ri-rord <»f a tesi of a pas 
eripinn ii.'iiiLi |ni\\<‘f !j:.i,s <'\ lindi r diaiiwlcr 4S in, ^ln4(^ 51 

ill., M. I'' I* 75 111 null \nnib> r <>1 *'Np!n-ions jx r inni. - 150. 

(la.N ns'd |x'r linn - lOiMMu. tl (aiotilK \.ilnnul gas 00 ('.II lb 
per cn It . I », 1 1 lb 515 

Call nlat e ( 1 1 'TIk I 1 1 I* 

(nl ‘I'l . nil ( b..i‘HMl rriica-iH \ nf ciiL'me 
(nh \ Miiiiiii nl e,.!.- n-.cd per l.ll i‘ limir. 
ii\( \'>lnnM' n) ua^ ii'-t«i pi i 15 11 I’ Imur. 

I \ 1 1 iiiliiMted 1 b'-nn.il I llieii in‘_\ . 

( \ 1 1 1 5i 111 I inal I 111 ! inm-'s 

0 Till' .M.K.b III tin r\ iuidi r nt a iM- i nena i' 02 lb per s(j inrb 
w lit n t lie s j H ( d I'' ! t)0 I'l \ pi r nnn a nd t lier. 1 1 . 72 i \pin n m)'> pi-r 
linn A I till ^.nni I nne, \ lie i • nv pji i n. 1 1 1 d I)\ tin m .mb - ih del i i - 

niinid b\ a ((\ nanntini ter (n !»• 5,110 lb It. 

I'aJi nlale u) 1 11 lb 

it!) 15 11 r 

(in) Ml 1 li iliie d cll'n riev. 

4'lie (h lii'dt 1 1 - II ill in di.iini It i vitli22in ■-irnke. 

(15 Ilf K , 1012.) 

7. W'lif n :i pi',(t!L'nie i-. rninnne tnll\ Inaderl tin htnjt-ainre nf 

lbee\iiai'-l e.ee 1 It ni t he eli ar.ine. ^p.i'- at 1 be < ml ot t lie e\lia.iKt 
st ri ike I-* 700 ( '.. and 1 be Imnpt'ral m e nl 1 lu lm,' and an ’*U(4n d in jn-t 
belnri' they intii' tlii eNlimbr is 100’ (b 'The <4iai'anee .''p;n-« m a. 
<|na]t(r oi the tntal e\ hnder \t4nnie (imludine: (dtaranct' spa,ee). 

Sh'Av that the 0 inpm’iM ii>-i' (4' I hi pase.-> Idlmg t he e\ limler at llieind 

of the ^nelion stmke will be 170’ Assinne that no heal is Inst to 
or p.niied bnni the e\ hn ler \\.ilK dnrinp snetmti, that the pri's.siire 
iii^'ide the e\lindei is the sarm as that oi (lie at iimspiiere, and that 
the spi eilii- heat ot the exhaust gases and nt the iiiennnng tdi.irpe js 
the same (-(Jiistant (jiiantitA. (Meeli. Se. Tripos, 1001.) 

8. A pas enpme unrkinp tin the Oto. e\(4e. and rnnninp at 200 re\ s 

per min , lias a e\ linder I 1 in. <hiitm ter, ami strnki 21 m., and 
th<‘ eompri'^sioii sp.iet is 0 IS5 oi tlu' -trok** \olnme. At thi' end of 
iht' snetmn stroke tin < \ limiei i- tilled ^\ltil pas a, ml air at a jiri's- 
snn nf 117 lb. pei' sip im h. and a t (“mpera,t lire oi lOO 'The 

e\lindei (Oiitents i niismt ol I nf p-as to JO ot an. I'lie e.aloiiiie 
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THE (;as exhlne 


1G7 


valiu* of the ^as is Ii 20 
(' li .r. per st, 111(1. ii() cuhi" 
foot. 

"I'ht* .ice'>nij);vii\ jdl: in- 

<li< ;itor (h.i;_M'iiin I.iImmi 
fioiii 1 !i(' ^ iijjiiK' !iii(i 

III.' itiiiMmuTii pout'i aii'l 
1 Ik* I li' I in.il .‘1111 I. IK \ i.i 
t h. onjzmt*. 

St.ite l|0\V \ III! \\ (Mild 

d('t ei liiile 1 he hr.ll pi\ < il 
tut he i Imder w ,i!U d‘H 
me eumpn S'^nn, .Pid « v 
plu-'iufi 

h ’I'iie mdl.alur di.i 
,L!.r,||*l u( n S.M'^ eiiL'iiit 1 *- 
^ho\\|i lit i)»‘!o\\ I'hi' 

t'lHi.u lull ?u tlf ( sp.nr lull 

( ill‘\ * All i- /a ’ euli- 

.•^l.mt, <llld to tin euite 
pr. ^ iu!, ( 111 ' . * ! 1 1 - //' ' * 

-- ( I 111''! .III! 'I’lu* fill eo 

A 1 ; if pi ' *'<i UK . I ; i)« \ < 

t( lllpi f'.U no ut I*,' I .Ilid t 

mine t lu llK’nihil . tle i' m \ 


r' ,■.h^ 



rtii.'i! ( M lu'•l•'^ ill.' ill 1 - 'I’he ah ulniu 
.iH mdn Itl d u|l ( Il dl.a'Mln I )l il I 
ut I III' < \ • le td< ( I i'le til. 1 1 niidi d 

i‘ufn' f' uf 1 [k- di.i'ji .< Old j ikme 
t Ik w u) K Hie Ml! ■ t .i r i< < 


; \h.h I'tip. 


Id. CiMiik I . m. I i'n_ , .11 .'i 
ft , w h.-i an I Ik* ,n I I .■ t i' ion- id i in 
t imK and ''Uiut uth.r [.uiui m Mu 
S'juki , li t Ik I Jienic liKlio - Jti*' I(‘\U- 

hitiuii- pit (iiiiinte 'I h< pi-t(>n and 
Tod a,nd »-ru^-h( ad ao l:*d Ih. ; di.iw 
■ a diae^r.nn to nuw tin Ion ( m puiitid 
1 ntpiind to [irodiie*' tin inutiun ,Si u,- 

J iIk* sc. lie < 1 ( <irl\ 

(li of i: , 10 ( 1(1 1 

! 1 . \ pnluii mn n.-l and ( lu-e- 
Ik.iii VMieh Iktd ih At a eertaii 
in-^tanl , when the resnlt;int tui d lure, ((ij.* lu am prei—ure n. !* tun-, 
the pl-^ton h.l" . 1*1 .lee.‘i, l.iMon ol OTd It pi I ^reuiid in liic '-anie do'i (•- 
tion. What I" th ai'.u.d l.ii’ee .ntni;^ at tin i nu'-hi-.iil 



(Ik of K , 1002.1 

12 . In a LMe elieine jeje.w urrm*.. at -i \en-‘'i-htlu of the -,tl' iki and 
a.l a pr* ,-snie of lo iii jhi -.p IIU h .dKuhite. Th. ei. .naiua p, . r i.-, 
II ipi.'ii'f er ut the t 'Tal e;. hn<lt r \ uhune. The e tip in.* u < .rk.'-. on the Otto 
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('Xj)l(*(l('s (‘\cry IniH juul is not 'riii* rrii\< «1 

iiir just Ix'forr 1)» my (.Ir.tss n iiil u l he <'\ Imdm mi I lie suet lou st ml^t' Ims 
a ti iiijifial iir<' of l<Mr (\ lO^tini.itr the 1 rm pi-iMt urc of tlu^ ctKiryo 
fillitiy llu' cvliiHirr ill tlio (' 11(1 of (Ju‘ sufii(»u >lrnkc. 

i ti Ilia kiny your ( st imat (“ \ oil w ill jiiol »a))! v a.sMiMi<‘ that pisi‘s lx 'fore 
and .ifri'T' (‘\])losa»ii tx IiaAo as llic s.iinr iKafi'ct ya,s, Ilow far is tins 
assu)n|)tion eorri'ct V IlliislT'ato tlie jio.-'Sihlr errors in eslimati's of 
to]ii])<'ra1 ur(' I)a,,-('<1 on this a.^suni{)t ion l>\ liiKiiny tln-ir amount in tlu' 
cast' of a mixture of one volunu' ol liytlroycu and li\4' of air. 

(Me.'li. S<'. 'I’lipos, ItKM.) 

1 3. A fl\ w heel 4 ft . diaiuct cr in llic torm ol a dix- 1> m. l luck is keyed 

to th(' shaft of a. Jiiyli sp.M tl i nenu'. t'aleiilale how much etieryy it 
stores at olMlj’p.m and lind how nuu h the stoi-f of eneiyv is iiu'ri ased 
wlien till- sjieed inen'ast's a ]H'r emt. One «u 1? (d iniieiiai wi'iyhs 
480 11). <Ik ot Iv, 1012 ) 

14. AN'hai mint he tlu' si/t' of a jl\ w Ik'.I m order 1 hat the maximum 
spi'ed may not <‘\ee< d t he mi an •']•( id ol (id i-i \ p< i- mm hv mon 1 han 
0-2 re\ . ])er mm. ^\ hen lh(‘ area of ! h( <rauk<lio!'t eur\e cut oil hy 
the mean er.uik-eltort line repn s, nts l2*oH ton-. 

(h\(‘ tile me.m radiu.s of ihe ih w hei 1 and tin w» ieht m tons of tJie 
rim and workout the dimi nsion.'. on tin a-,'Ump. loi. that the ma'S of 
the M heel is all ei meeiit rati d .d the nu an rad us <4 i lie w heel .mil t hat 
tliesjieed at tile mean raiinis is limited |o .M> t.ji s (It ol k’ , Ittl2.) 

If). Plot roiiyhl\ the ae«'eleial i< ai ol (h<' pi-lon ma,ss( s in a recijiro- 
ciitiny enyme from the toliowmy da.la — 

Slioke 2 ft 
('onneetmy rod 4 ft. 

Spei (1 200 re\ s. per mm. 

Write down the aia eler.il ions at the lx LUiuimy and end of sliokc 

(It oi !•: , 1012.) 

10. The k'ie(]r,v shows di.iyramm il i.-.' Ih tin m.-’diiy paits oj an 
Oeehelhausi r yas eii|^im , piston A n c on pled dii ('• t ( o l he eent taJ 

(‘lanlv'jiin hy eoniieetiny rod l> : the jii.'tou t’ n 4'oiipl<d to the outer 
crank-pins thronyh a, cros^lMad 1), suk' mils l‘], and conneetiny rods 
d’hc pistons mo\e m opjiositc diriihoiis, and the explosion takes 
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ir.9 

Ix Uvcon llioin. Tlir of piston (‘ A\itli its altaclml n i ijjro- 

ratin^' )Kirts is 8 Inns, that of \ i.n 4 t«>n^ I'lu- stn>kr »>f ciu h pfstoii 
is 4,‘J no, niul hai^tli of oacli <\ iinoctiiiir mtl is JOS in. the niitj.!;ni- 

IikIo and difi'cti'm n[ tiu* unh.dMncoci hon/nnlal nu'iMia fon-.> on tlio 
(‘it^ino ;it ('iicli do:ul-jioint , wln'ii tho spend is 100 revs, pin* niin. 

It js often assumed ni the ealenl.ilion of inerti;i forces that the eon- 
neeliiifi: nxl mav lie treated as thon^di half Us ma.ss were eoneemt rated 
at ea,eli (lid Diseiiss (hK as'-uioption and explain its praeta-al eon- 
seijnein-es in n tMi'il lo the })rohlein of )».danein^. 

(Meeh Se Tnpos, 1913) 

17 . "Da* two 
indierdoi' dia- 
p'ams h'Te- 
w i t h were 
taken from a 
t.;.is enLMia* "The 
l(‘mj)('!at in t‘ at ^ 
the p(ant A 
was niea'-jUi'( d 
<hreell\ and 
found to lie 

100 (’. 1'he 

eorresj w ind i 
jin-ssiire and 
volume can )m‘ 
liMind from t lie 
diaj/ram. < ’a,h 
(‘ul.ite tin* teiu- 
per’atuj'i at the 
point Ih W fiat 
furl her <] a t a 
are re(|Uire'd to 
eiiahle >ou lo 

ealeulate tlie temfreralure at a point C on tin* i*x])ansion line ? 

rile [tressuie ot ilu atmosphen*is 14-7 lb. |u‘r s(j. meh, and iheelear- 
anee is 1 of di.-pkieeiuent volu.ne, 

"Die e\ Iniiler •»! the* engine is 5 a in. diameti'r and the sti'oke 10 in. 
The Ikll.J’. of the eiieine Was \anni, ainl the •'pet d wa*- niamlani<‘d 
(b^ a hit-and-miss |io\ernor) ajiproximat* ly constant at 370 r.p.m. 
during the tiials. Determine from the diaj^i-ams and the* following 
data, till frictional II. P. ot the e-nam*' f<»'- each loading 

D.H.l*. . . , . 5 51 ,3 78 1 t; 0 

k^xplosions p(*i Uiiii. • • 15(» IlM) 75 4t 

(li of K., 1913.) 

* "rhe.'-e two, diaj.uams aie* not eoiisis.eiit, but tiie epie^viot, j.s 

one w 01*1} I .study. 
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The (ias Producer 

'riii'niiv Tvt-h'Ai, Si < noN and i:f Pur-hi <'i:i 5 s d'i:sTs 

Cos'I'S I Slid! ( i:i{ Mill MaKIM' I’MiJ'OM’.s \l’l’l'M>i\ 

M)\rAiMNi; 1 )i:s( lUF'rioN oi ]\1() )k ni UriAi \'rio\ ui Si < 'ri(i\ 

(Ias I‘i,ant. 

113. Producer Gas. Thvi^ij- In a st<*ani l)oil(‘f Ihi' 

ston'd up in tlio coal is lil)(‘]’at(*(l by coinbusl ion in an atino- 
splu'iv (‘ontainin;i oxyya'ii. In otlau' \\or<ls. boat is libiuMlial 
by tiio (a)inbination id the oaibon Avitli o\\ii(-n liisi io foiau 
('(). and thoii. if oiioii^li air la* pn‘s(‘!it 1o add a iiiitlioj' atom 
of owlm-ii to (bo inoloonb', to ( b. \\ lion I- kii of laibon 
(that is to s<i\ tb(‘ atoinio \M‘htibl of carbon taken in kilnj^rajiis) 
are oxidi/od to CO, '*ilk4(K) <-a[onos * an' ,ci\cn oil. ami wbon 
COo is lonnod a fuitlior (‘)S,200 calorics arc libci'ali'd. 
inakinj^ a total of bT.CdM). ddiis means that if tbe '*arbon 
be. only <;\idjz('d ti) tbe ( 'O staLa* not n)<»n‘ tlian about .‘>0 
per ('(' 111 . of tbe availa()le beat ('m'riiv is civen up, and tliat 
by far tbe most of tbe available heat is obtained fioni tbe 
staj^e in wliicb CO beeianes CO,. Kven supjiosin^ that in 
a ;jiven steam boib'r the wliole of tbe caloni's a\(‘ 1 (' 

<^dven off f rom each ll^ k;^. of carlt<m (nej^lei'tin^O'or t be moiiK'iit 
tin* hydrogen and liydrocarbons in tlu' eoal) only a fiaction, 
not creatt'r than 70 ]ht cent usually g(‘ts to t ht' wati'i , and tbe^ 
balance goes away up tbe chimney or is lost by radiation. 
A\ ith gas produciTs such lieavy lossi's (hi not occur, d'lic'ir 
efticiency (h'pends upon the working proc(‘ss. but it may b(' 
tala'll as being s('ldom k'ssthan SO pi'r ('('iit . and oftc'ii as much 
as ttO })er cent, even when working with anthl'acite COal and 

* In tins chapter the calorit' the Ivildgr.irn-calcric. 
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not choinirallN pm’o cailxm In a L^as piodiu-cr, air is for( od 
or draw n 1 In'ouiili a mass of hi:j:ld\ Imalcd fnri w it h 1 luMrsiill 
tliat 1 lit* (•arlioii iso\idi'/.(Ml. Also in onlor* to kt op t la Icmpt'i-o 
tint* wilhin I't'asoiia Me limits, ami Ittr anollitr rt‘a*^on to In* 
;iiV(‘n lal('r. stoam m atlmittotl akaii: with tin air ami htiili 
toLa'Ilior iipwaids ihroimli (In* iilowiim fiu*!. 

Winn Iho air and '•team alt* ton t'd thioimh l)\ pit‘'">iirt' 

tin* prodm-or is i -d.lt'd a Pressure Producer. When howrxiM* 
tli(‘\' art* drawn lliidmjli l>y suction (*aiis(‘«l l)\ the siu-taai 

siiokt's ol the cnmilc ili(> an* Known as Suction Producers. 

'I'ht* th'oi\ 111 ho lt f as's- siinilar 

It ma\' si't'lli slMli'jc to tho-r who apj>rt»acli ihi* -iihjcct 
for the til-! turn* that it diouKl I c po -ihlc lor ! In* 'ja^ l!I\ cn 
oil to (ontain as mm h as 's(' to thi p«u < t nt of the total 

Imat in tin tttal It would heappn-ent to them Irofn 

then k now Icdijc o| chem |s{ r\ that ex t n li pur<* ^ ( • ea mt* a w a \ 
from the prodiieei and noi'tt.at all tht'i** wouiO ho a loss 

of iht* l }0 pt'i (‘(‘111 ol e'ioiiix liheiatt'tl when the «‘arhon was 

o\idi/,e«l lit < ‘ leadiim to, I!) apparent iiiaximu 111 efticieiicy 
ot' TO per cent. I'la t \{.l.<nal!on )S (hat till pel (('lit Is 
not lost It SCI \ (s ! o Kt < p 'll" i III nat ( a li'jlil . and (o f h m m 
post' t Ik* enf < 1 NIL! sit o.t into huhoL'cn ami oxx^-mi thus 

:V.ldt 2 11, k O. . . il: 

ami in so doimj d st(a(*< np I Ml Hhi :aioii<*s ha < a^ h :'H f : 
of s'eam tie* ompoM (1 |tisca-\ to set* that hy su it a hly h.da ne- 
iniz th(‘ propoi t (Oils ol an' and steam admilteti. it is pn-. iht, 
to alidU'h the oteaP*!' pall <*f Hie :‘>n per etmt of enerux 
liherated hv the liu ination t)f ( '< k ami to i air> d as poi( ntial 
eh(‘mit*al t'liepyx to the yas (*ni;)m‘, w hen* tin* hxdioian am) 
owm'ii <‘an <i.L:aiii miiti* hi feahlx it is not pmft* o sjntjih* 
as this, ht'eaiist* Hit* oxx^t'ii Iroui the do.* mposed sfc.im has 
also to pass o\ei L’lowiny t*aihon with Ha I't suit that a 
flirt her siipjdv ef CO n tta-nied Itadiati.ai <»l heat injint'c* 
producer jirexcnls the elhnenoy hein- H'n j.er cent. 

Collowine lit'iierallx t ht* prot eduo- adopletl Id Mr I)(o\-oii. 
who invt*nlt*d the tii'st of these plant- the n actions max he 
st'ini-mal lit'mal iea llx staled thiis 

I’akin.L' w<*iuh1s ('tpial to molmmiar wtmlds m ke 
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Carbon-tn()n')xid(‘ is thus formed ; -- 

2{ '+(), -2(H) 1-58,800 (al )ries ... (2) 

(Harboii-dioxide would be formed thus : — 

L Hh. ^'0, +07,000 calories . . . (H) 

The fornuu- of tiu'se two e(|Utitious ^ives a L^as having a 
ealoiiile value of about 110 R/Pli.r. per (uibie fool, but wlaui 
steam isadiuitted this value rises rapidly owing to the hydrogen 
present . 

As already stated the deeom}u)sition of stc^am follows 

21120 -2TT,-f(), 1 h).4(K) ealoih's ... (4) 

the negativ(‘ sign meaning that lu'at is absorbed and not 
liberated. The oxygen so ]u-odu<ed also 'puns in the re- 
act icm. so that one of the following! formnhe 

I .O ! L - 28.800 calories . . . (5) 

or 2ll20-l-<'~-ll2 I LO. - 1S,<S00 ralories . . (0) 

is follow'(‘d in th(‘ (hTomjiosition of th(‘ steam. In both 
(5) and (0) an absorjdion of lu'at talo's placi* which allows 
of a balanee being obtained by a careful K'gulation of the 
relativt' ])ro})ortions of air and steam admittial. 

114. It is useful to discover what quantity of water is 
theoretically required p(“r pound of coal in order to kee]) this 
reaeiion halaneed. 

Assume that the n'action follows eepiations (2) and ((>)• 
P^eally it will not follow <phte sueli simple' laws, hnt it Avill 
apjiroximate IhereHo if tlu' te'inperatnre is high (‘nough,* 
Eepiation (2) shows that for each 24 kg. of carhon used 58,800 
calories will be lilierate'd, and cepiation ((») that IS.SOi) calories 
wdll be absorbed by eacdi .‘hi kg. of steam dissoeiatc'd, rtapjiiing 
also for its dissociation 12 kg. of carbon. To absorl) llie 

whole of the 58,800 calories lilieraled ^H»/ of steam 

18,800 ' 

would be 1 ‘eqnired. But the steam is not admitted to the 
producer as steam, hut as water, and 1b(‘r(‘ is tlH-ndore the 

* Aoc.ordliMg to riot)Kon. (‘(jualion (5) is fnllowt'd at a t lanpfrat uro 
of atioiit- tiOO and ( <uiat ion OJ) from UUO to lOUU r. At tnmpi ra- 

tiin-.s ))et\\<'(ii tiUU and lUUo ]n)lli n-actmns orenr. 'The (‘(jnili!)riuiri 
iitatc' is a fum-tion «if hoili l<-m]M rat nrc and tnnr. 
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latent lu'at of evapora' ion to be eoiiMdered. Now tin' latent 
luait ot ‘M> Iv;^. of w’abM’-va})oiir at (’, is 'Jl.tWM) ealoiies, 
and tliis innst Ik' a.ddt d to IIk^ hs.son calorie^ diu to ebeniiea! 


(lissoeiat ion, mak 

me a t< 

)tal of 10,400 ealorii's, so 

that only 

« , oS.SOO . 

2t) ^ X ko. ( 

40.100 ‘ 

:»f watei 

would really he reipiii-ed 

. ami this 

works Old at 52 

1 ky ) 

:)f water. 4’Iie ipiantity ' 

of earhon 

('orrespondine to 

this IS 

eliMi Iv 24 h ( 52 4 

\‘0i 

) - i;t + 

17-5 n -n ky of 

earh'oii 

So that *' or ! 20 ky 
4 1 -5 

of wuif(‘r 

trill hv it(ji I) f ({ /( 

'ir vmh 

I'tf. <<i ((Ilium 



TIk' next point to deteinnne is I lit* nature of the mixturi* ol 
eases ;ji\en off in this \\ i\ Ecpiat ion (2 ) show s 1 hat for each 
1’4 ke ol I'ariion Ifjeie will Ik' unen^olf L‘-’l '1 I,(MI0 

lilu^s I I S(in !ili(‘,s of < () l'](pi;ilion (ti) add- to tliis an 
efjual ^ oh line ot h \ (lotiK'n and half the volunu' .>f ('().. for eai h 
12 ke ol (‘aihon Now tiu‘ (piantitu'S in lapiation (<») must 
ek'arlv he |ll■(‘pMI'( ion il to 17-o and not 12 ke of <-arhon. and 

thendoie I he \ ohiiue "I h\diot:enwill he ' t-l.siM) 1)5 200 

12 

litres and the voliiiiie ei t o,, w ill he 52,(‘»00litre , '|'lu ha ,1 will 

therefore he 

( < ) - - 44,soo litres 

(4),. -- :{2.(i00 

II, > (15,2IH) „ 

M2 Ooo litres or 142 0 rnhie ini'tn's. 

r>n1 it imist he renieinheicd tliat in equation ^2) oxyern 
is .suj)pli(‘<l to the extent of 22,400 hires, an<l thal as this 

is drawn from the air it will he aeeoinpamed hv 22,400 

' 21 

litres of nitroyfen wlneji will jiass tliron^li witlioul ehange, 

79 

)So that to the al)o\e table mnsl ht‘ addial — - 22.41)0 

21 

* Bast'd ou IIh' priiK'i])l(' Dial llie motMMilar wr'i^Ot of any pt- lak(‘n 
111 p’anis will or<'ii|i\ a of 22 1 lilri's. (Son e reo nt wojk li 

ht'oii has^ d on j. n'\ised tiyun* of 22 25 litres.) 
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SglOO litre-, 
t Inis ; — 

of nitrogen. 

making 

the 

total 

and ])ro] (lit ions 

CO 

. 44.SOO 

litres or 

19-S 

per 

cent 

(4), . 

22, ‘>00 

,, ol‘ 

1 1-i 

per 

e*(*nt 

11. 

. h5.2(‘0 


2S-S 

pe'r 

eemt 

X, . . 

, S4,100 

,, or 

27-0 

per 

cent. 


220,700 


1000 



'Phils 2lMl,700 of l^^is arc ^ivcn off for each 41-5 

of carhon or o.lad litres ])er hiT. of eai])on, and 5,45(1 liliX'S 
is of eoiirsi' 5-4 5 euhie jn<4res. 

What is tlie calorific power of this producer gas ^ The 
XX ai'd ( 4 can give notliing. 'ilii' ( '() a\ ill ^ i(4d ( P7,hoo -- 

ils^L'OO 

29.400) calories for each 2.s kg of CO, or — 2,4K) 

calorii's ])cr ]\g. o{ (’O. 94u- H,. will vii'ld 1I(*J('() caloiics 

jU'i' 1 K'l' of gas. or iMhlOO caloi ics |ict“ ke. of hydioLKai lah(‘ 
1 cnhic metre or l,(too litris ol tin* piodiaar gas. Jt' will 

los 

contain 19s litre's of C< ) xieldnig - OS. 200 - i;o2 

' 22 , 1(?0 

2sS 

calorics, and of hydrogim aS 200 750 c'aloi'ie's 

22.100 

inaf ing a t<da1 of 1 ,252 (‘alorii's per ( id)ic incti(’ Kinl hcinuae' 
tlu' stc'ani formed hy the union of the' hvdroge'ii and o.xygf'u 
will he ('ajiahlc of yielding n[) its latent heat, which wall add 
2 1, (‘00 calories for ('acli 4 kg. of liydrogen < oma'Jiied. Xow 

2SS 

the weight of the h\'drog(‘n in 1,000 litre's of the gas is 

■ 22,100 

/ 2 kg and the e-aloiies in the' latent heat (»f the ste-am will 

2SS 21,V»oo . . , . , 

t iK'ie'fore he* X 2 X 1 29 calorie's, which wIk'Ii 

22,400 4 

adde'd to tlu; J ,252 caloiics found ahetvt', makes a. total e-alordie* 
value of 1,491 eak)ri('S pe'r euhie metre' of the gas given otf l)y 
the proelue'cr in e'ase^s in whieh the laletd head of the* steam 
fornu'el eannot be utilized, it is customary to use' the k'sst'r 
value of tlie ealoi'itie Cdiistant. and waite it down in tliis east' 
as 1,252 calorie's emly, w hieli is nearly 10 pe'r ee^nt less. 'Phe 
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TWE (;as piu)i)r('Ki 


17.”) 


t)i 1 I*)! jx'r mctu' coik ' j'tim!'. to HiS 

r> 1 11 T |x‘i‘ ciiliir iool . 

115 , iJow^on lia^ can’ird out aalaulat hmi-^ 'similar to tlu‘ 


alto\ V 

Ol’ 

a innnher of pos.sjlile rc'aclions. and 

tiic fi'ilowini; 

table,- 

^h. 

>\\' sollH' 

of the icsuits he lia.s foni.d. 
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21 .7 
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} 1.7 1 (1(1 .7 U > 

• am 1 ,'1 7 

Ml 

211 

l!t 1. 

!2 I 22 U 

. U 17, 7 SI 

' h2ns ' i;,7 1 

tin 

|u 

17 

1.7i).7 211 

.7 <a.7 1 12 .7 (,.7 

LI. is !».| 0 

lull 

u 

n V 

12 7 2S S 

7 1 1 2(» , .7 1,7 

Ltun 0,7 ., 

Tliis 

tal)1c ,sci 

\('s to show the \ (*i\ coin 

j»l(‘'e was in 


wiiicli l^owsoii \\oik(Ml <»ui {\\r cliiiuKal prol ili ia.K rf ial in- 
to |>mk 1 u<-(' 1 - ,lra^, ami tiu' sludi-nl wlio \\ to |nn' no '-m li 
lualtciN lurihri- j'l'loma! to that v\“il<r inliiT Uwis ho >k 


on till' .'■uhjcct 

\\i' ha VO now <li>ta I, •-sod the conditions ol workitiL!. 

In pfaotioo ahold th<- tlioorotioal woiiild of uatoj- a^od in 
suction juoihioors k'oi j»rossuio jiroduooi.-. ,siic|i a^ the Mond 
|>roduo{‘rs an excess of sicain is adniilti'd in ordoi that the 
tcnii)cratiuv of tlic coal iiia\ lie ]:cj»t ;o a jioint !o\\;i tl-an 
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that at which ammonia dissociates, it l)cing a fcaturo of this 
process to n'cover and s(‘ll the ammonia ])rodnced from the 
nitrogen contained in bituminous coals; the etha*! of this, 
incidentally, is to lower the thermal elhciency of the producer 
to about SO per cent.. 

Equation (5) is sometunes followed instead of equa- 
tiem (6) for the decomposition of the stc'am, depimding on 
the Uuiqu'iature of the reaction and the tnasses involved.* 
Mr. Dowson gives these two conqiarisons of the lh('ory and 
practice in ('acli (‘ase 


Tumour. ! laurTK e. 


(ias fortiK'd 

arenrdmtj; t“ 

( Ul.N 111 

ute at 

Millaall. 

Kcpiatiuiih (2) iind 

(0) . - 

121 2 \oIs. 

‘ontain 

^atlle \\ » i^lit 

- - 

Ft 1 M lit 

\ <Mil*<)n 

('() . . 

and I’nnsivt of 

( MM'S 


ll’ \ l.llItlUN 

li . . . 


1S(> 

C’O .... 

. . :;t» y 

, X, 


. (.2 S 

H 

. . 17 0 

('(>. 


. . 4 7 

N. .... 

42 1 

Mrll.ane 


, . 1 7 


luu u 


(Jas formed at 1 1 

tiding t‘t 

I'ajnalinn.'. (2) and ((>) 

- ■ 


P. r coni 


1 \ Vnltlliif.' 

C’O 

. 10 7 

H2 

. 28 8 

(Vj 

. 14 4 

N, 

. :n i 


100 0 


1-Jl 


( tis iiKuli' at \\ 

117 () (M»n(<ini sana' wia^ht 

of carlMui and (*nnvi-,t 


('() . . 

. . . . 12 tl 

It. . . 

, . . . 24 1 

ro, . . 

- . . . 1 S 8 

NX 

. , . . 40 1 

j Methane , 

. . . . 2 4 

It will 1)0 

117 0 

nntieod that an ('xe, 


, nf lur has l)cen adiiiiltod in nacli 
ease. 


116. Actual Producers. In Fig. 56 is shown a reproduction 
of a working drawing of a 150 H.P. suction producer made by 
the Camplrell (Jas Engine Co. The steam required for the 
reaction is derived from the annnlar boiler surrounding the gas 
producer, and the heat, n(‘eessary for vaporization is derived 
* fuotiiole on p. 172 . 




178 TWK INTERNAT. COMliUS^riOX EXCUNR |('iiap. vi 


(l(*scrij)t ion a|)])]ics to a plant usin^ anthrarito.* Whan it is 
(losinal to nse ooko as funk a sawdust scruklua’ is usually re- 
quired in addition to llio (‘oke scrul)l)er. An outside view of 
a similar plajit is aRo aixen in Kiyo o7. 

Theri' is not a aiH'at d(‘al of ditl(T(‘nce bet W(vn the ditTerent 
makes of suction produeiu* ])lant. Kie. nS shows an out- 
sid(‘ vi('W of a Xational (Jas Kneine (\». iyjie, similar to that 
w'lnch wa'> awai'ded tli(‘ ^old medal at the Koval Aiiricult ural 
Soeiety's Trials in liXMi. Its inUaiial arrani^fuiuaits are much 
the same as those already d(‘>crilK“d. eAe<‘pt that. lh(‘ va])f>riz(T 



Fl(., r)7 Out iilr \ifU iA SO r. II 1* ('.iuij>l.rll Sik-Ikui I'l.ntt N<)1(' 

-111, ill -i/,t nt ricitticcr foi (In* aiiii'mil, ot poutT pioiliicoil. 


is f(Ml With water whieh has tir.st betai luxated hy bem^ pas.M d 
t hi'(»iUih a pipe in th<' ^as tud flow passaj^e and is t him vaj)oi iz(‘d 
on 1 he ■' Hash system. 

[h'essure pi'oduec'rs ar(‘ workial on juueh (he same yoaieral 
])iineiples, (Acept (hat the air an<l steam aiv forceil lhrouif|h 
(h(' ( oal instead of li('ini», suek(‘d thiouah. In ijaaaa'ak too, 
t i('\' a re for m ueh la rjiei’ plants Suction pi’odueeis aie usually 

I at Iiiiiiiinns rmiiot )>«• Ii‘-t‘d in siistnm pnxloi'rrs, unirss 

of t 111' .-j/oci.iIlN (il'SiaiH’d <\pc niado ))\ I)nu,s<»u and a- ti w ot firr Jii.i,kci‘s, 
and siuli pioduccr’s arc I* f-s .-miplr in opora,! o. 
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fnr (jiiite >iiiall (uitpiiN joimnonlv hImmiI or \0 H \\ 
and lari'ly ijoiny IkaoikI :,n«> H |‘ , wlu-iva- ilit> pouoi- jVojn 
nrc'SMii'c pinduccas may run inlo lliouNind- oi hor-o pow < j\ 



ai]d ]af(oi ai'(‘ fhrirlon* of a nnich moro iiatnna 

and a ^ood deal niort^ < onipii< a1(‘<l. (‘.-prci.iii', wlaai a loal un- 
is nnulc' of l)>-])i'odu< t rorovjaa 

117 . Ty^sts. It \\j!1 1>o of mil r<-'^t fo ijivc Ik i-c >oiiic (imnos 
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lV(Mn IIm- held or) sij< Iron piodiK-cr* plant in l»y tin* 

lliydjlaiul and A^ru nlt ni al Soi al v (»t Scollaiid, and in llHiti 
1)\ tli(‘ Royal A,<:i-i<-ult inai So<Mny\ . 

In (li(' trials ton (‘omplctc* plants, oxlnhitod dy six 

dilTrroid ruin'-, wrar '(‘lit inittrtlic conipot it ion, i’aitnnlars 
of tlioso plants am 'ai\<n in tlio following tahio {'>((’ p I SI). 

'rii<‘ rc'^nh ol the tind" uas oi\(‘n in the ,lud;/fs' n'port,* 
of wliicli tli(' fitllowmu oontains an account. 

Kacl) plant wa'- allowed halt an hour ot steady woiKinc 
])( ioi'(' t!i(‘ .letiial power test, at tlw' end of wliieli tlie plant 
was hroiiclit hai k a^ nearly as po—ihle to (he sana' condition 
in rc'^pc'ct ol fnei. ole . a'- it wa> at the !)eiiinninc of (he trial, 
and the <ictnal wc it:ht of fm l -uppla'd in the inteisa! was 
takcai as that (‘on-'niia'd h\ the )>lant dnrin^u the powu' test 
'The oh\ioiisls Miwls point in tin-- pr(»cednte was th.il it was 
(puli' nnpo'---il>l(' to detetininc ah'-t.lutc'ly whethci the plant 
wa'-r(‘all\ in the same tondition .«tthe(‘nd ol 1 h(' ! i ta I as it 
w;m at the hf'nniiiiii^ii liy vunnnni the ((‘sl for- a lonii enough 
t line. liowe\ er. an\ vlioht (‘i ror in t In'- respc'et ernilfl he naidei-ed 
(ti littk' iinpoi't aiice. and j)rol'ahl\ th<' method ad'>))t(‘d was 
th(' l'("-l OIK' 'khe all(‘rnati\e would have l.ec'n to <1art th(' 
prodticc'r- up troin rest, and not(‘ the fuel pul in, then at th(‘ 
end of the tiial. iiote the proportion in the j»rodu<er which 
had not hei'U hurut . suhtract t I k* t wo, <ind add to t hi'- an\ iuel 
which had hc'C'ii inti'oduccd durinii, the test ddiis j)voe('dur(‘ 
was ado]»t('d at the \\ \ S. trials m ItHHl. ('\c('pt that tlu' fui'l 
eonsumed wIk'II the jirodiK'C'i '- win' haiikc'd up all im^ht was 
also incluch'd. sO kcadm;^ to th(' disad\antace that it did not 
jjivc a real fin'l econom\ test. AIm* it was e\ti('mel\ dirticiilt 
to t('ll at the end oi the trial how much of IIk' fiK'l h'lt in th(' 
producer could pr opel ly he suic'i to hi' " nnhiirnt 

In the Scotch trials it was found that iIk' coal per 
IMl Ih hour at full load varic'd from I •l^'> to () S4 Ih.. and at 
lialf load ti'om 1 o') to 0 hi Ih. 'This was for thi' S 11 Ih si/i's. 
Ror t h(' laiyer. ihi 1 1 . P . plants t he f U('l pc'r !’>.ll P.-hour at full 
load varied from h-h.d to <>-77 Ih and at half load from POS to 
0*92 Ih. ddu'^e I'c, suits serw(' to show how’ economical th(‘ 
suction })rodue(‘!’ jdant is w lu'ii eom})ar'ed with steam ('iigine 
* Eiifjihf (.rnnj, Nn\i tn})er 17, lUUre 
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plant of IIh' same oulpnl : Die lattia' would coii^mHC' amy- 
tldriji; fnmi 2 I t imes t o 1 1 imi s as mm h t m*l jan' 1> 1 1. 1\ (UluT 
intcfcslm^ r(‘|t( tImI ]»y llie . Indies aj'<' that tlu' ca pa- 

rity of tlie piodiH'or ])(i‘ (Uclaiid IVll P varied Irom (M24 
eii. ft. to <i-21)r> eii ft. fo!‘ the 20 11. P. si/.e. and from (PK)! 
eu ft to 0 272 mi. It for the S ILP si7.(‘. Kaeh of tlu^se 
li^iiuis ''how a Tvitio of ahont 2-2 to 1 and tlu' pnee of th<" 

])lants \.ii'ied aUo hut in not so m<Mt a ratio 1 he xaiiation 

ill mihic lei'l 'Mjiaeity pel 1> II I* wa*' an indaation that' 
tittle had (iKaihcai don(‘ towards standardization ol desiiiii. 

118. 'riie te-ts eirried out h\ tlu' P .\ S in ItMUi wnv 
eoimiderahU mori' oi.ihorate <md. a-' .‘dreads st<ded. a ddh'nmt 
prcHedure w.m followi'il. 'TIh' icp^n't of the .Indi!!'" had h(‘(m 
j)nhh''h('d and. allhonuh in '^ome a yai's n mas he '•aid to h(* 
eont I'os ei'Nia 1 it is eeil.dnls woilh -tnds I'ourtK'ii plants 
svc'C' enti'i'cd loi tn.d and ail hnt ihi'eo i<!n thi'ouyh t<' th(* 

tinedi 'The capamts in « a« h ean- wa.- \'> to 2<* II P 

list of the plant" with thmi leadma dinien>ion> and other 
]iait i< iilai ' 1 .' ms'en liec' 


\,IP1. . 1 

N.iin. .'! 


Ml, iK. 

1, i! 1’ nil 

IV. 111.. 1 

1 1. 

11 , in 

In 

Si, (111.!- 
< ,tr 

Nati'inal 

a-ii.d 

I'.ie 

IS 

10 20 

DnUMiil 

h.alw.o 
< a wi.il 

rm 

Is 

12 20 

IViMit.m 

t'.iMii.m 

220 

!■> 

t».', 12.2 

l)<iW-'OIl 

il loii d , 

1!»0 

IS 

10 20 

Cjl 1 ! 1 pi )' 11 

( '.Mn|ih‘ li 

1:00 

10 

<»', IS 

Cani]']K’ll . 

( aiiij.lM '1 

r.sa 

20 

|o 20 

1 liidHrwiuf 

1 )ud'i >1 u i’l • 

IMIO 

IV 

1!., 

IMre.w 

< l.iidiirr . 

LM!0 

IS 

\) 20 

IlnidlrN . . . 

i 1 iiid!c\ . 

' . <)oa ; 

7 

7 IS 

Ksnosh 

1 K\ IMM !l . 

2 to 

IS 

•1 , 17 


' N < w 1 ' a 1 . 

'^on i 

t'- . 

\) [ 20 

yielding 

1 ]''n l>imu . 

220 ! 

IS 

O’, IS 

. . . 

I . . 

220 1 

2 1 

.s\ 17 

(.'OV'li'V 

( 'oi-'l( \ . 

ISO i 

i 21 

81 IT) 

Ml a^ureiiKMits 

made of th(‘ 

fuel and 

wat(‘i' 

' eon.suniptii.n 

showed liynires 

raneni^ij^ from 

1‘47 to 1 

•tit Ih. 

of anthracite 

(imte ;ii 

liLs a\('r,iLa-d al» 

out SJ .'(j. 

ms. [)(■ 

r Ihtl.h. 
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pej' B.H.P.-liouf and IVoin (d lo 0 7.‘'> irallon-. of wait r poi 
B.lPP.-liuiir. 'riio i'nonuoiK \aM;>ti<ai jii Ilh‘ ijiianlity ol 
AvatcM’ rtM] was \('vy sinking, .md il showed that llu'rc 
was a (‘(>nside]‘a])l<‘ dd'loioiHa* in tlx- inannci’ of opoialnui ol 
flin vaiious jilants A.- th(‘\\a1(i' irijiiifod lor sioain makinu 
is snadk jwai t ira!! v t ho wlioh^ol i Ik- al>o\«‘ dilioiomi' 

tnn>t ha\o htM'ii duo lo iho ddki'ont «j iiant it lo-- tak( n h\ (In* 
sornhhor. 

^riio .ludiiov pultli' lit <i th<‘ itilhiWiiiL' ( onolii itMi- a-^ a lo'-nlt 
of t ho ooiwuiujtt ion 1 1 !<ik 

'VUM with a u oo«| '^n'tl(in piodii (I jtl.inl, woi'Kiioj 'aailin- 
noU'-.l\’. at I h(' '[it't iliod h ad> aixl undo) Iho l.t' t oon(lilion>N 
1 lio follow inu K'^^illt" !ii.i\ ho aili'ipatod 

ll ./A . t /Ayt.O.'/t 

|m,! 1 i,, ,,i j I !1> jM r I’ll I' dioin nu hidmi' iuo) ou (h d toi 
"taiiniL; ,uid ha hanl'jnL’ tlnin • i h* nisjlil 
|{;ill load ! <• ih ju-r P 11 Pd'ioir inohnlini' - ah<!vo 
Waloi' 1 ‘jalioii |‘oi !> 11 P hotn at hill haul and , <jallttn 

al h..!l !o.;d 

II / A - ^ b 

Piitl load . i :! ih jut i; li r -1 .an inohidn-ii int 1 1 1 1 ht <! h.r 
•^t a 1 f oiu 

\\ ator . 1 ‘ |.or P il P hoin at l‘il! 'oad 

Prt)h-or l)alh\ aht, io. .adtti a,^ lo-ill ttl il- o tiia'-> 
t hat 

As-iimiiiL: a ’-!** P».ll P plaiil to -fail on .Moinla_\ moihiho 
with an onipl\ |»n>du((M' and to run Ion Iioin- jtoi <la\ on 
full load h.ra Wotk. hankn.v th* IIion al i.i'dit t )io -on-^um |> 
lion of antloat !ti iioa-. voidl h- ahoiit h.d! i ton for .ho 
wook. and ahoiil . Ion it l ho avoiaLS- hu'd o ah-ait kail liiil 
Joad. With coke tiw oon-uinjl xtn o- ahonl kv5 pfl' CUlt. 
more, h» pallon^ t^l walor j.ot W(< k aio 

i(‘({uiivd fora :!•> P fPP. pkiM {., ponido w atoi t,alhoH ruh],or 
and Iho jioxhuau', aixl of tin,- h\ far tin* laiuoi part wt.ukl h«‘ 
usod in f ho t idihoi 

d'osfs wore also made' t,l tlx* liinox lakon to dart up : ml 
* 1? A. [taj tT. AKOll^^, rauti 
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to chan;i(‘ load. a n^^uH of i hoir i u vest ijzat ions tlu* tindges 
iuvard(‘d the pnaiiiiT ]»lac(\s to t he Xatioiial and ( 'rossh'V plants. 
The Jnd^('s \\('re lh'of(‘>sor l)all)\ and (a|)t. Sanhe\. Iv.K. 

119. Test oi a Dowson Suction Gas Producer Plant, 'the 
following a(*eoutd of tests on two Dowson Siation Plants is 
e\tiaet(‘d ftoni Mr. Dii^ald t’lerk's IMot “ damns Por(‘sl ” 
[.ectiir(‘ lielore IIk' Institution of taiufinriMs 'I'lu' t(‘sts 

\v(a‘(* (‘allied out hy Mr M Atkiiison Adam, 1> Se . Asson. M. 
Inst P \] The first plant was ada])t(Ml for a workiuLi' load 
of 4n P) II P and the second fni !{o P> 11 P. In ( aeh ease the 
])rodueer was started up cold, and tim (ai t(‘'^1 tor tiiily eiLdit 
hours At lh(‘ stall air was hiown in hy a small hand-p(n\(a 
fan and aitei t(‘n minutes Iroin liLihlnii: up the ea^ was of a 
])ro]H‘r (pialilx. Tlu' ea-^ wa^^ lien sucked 1h»‘onuh h\ a fan. 
winch r(‘pr(‘s(‘n1ed th(‘ action of a ua' ('lejiia' opei’atiiic muk'r 
a <‘onst.‘ui1 load suv-kine o.js fi^an a juodm er in the usiial was , 
Th('n(‘(‘ th<‘ yuis pass('d to a ea^ hokh i .\na!\si^ .-amples 
W'(‘r(‘ IjeipK'titly tak{ ii and tlu' .intlnaeili' anal_\-( s weie under- 
takc'ii h\ Mr. lUrtram lUiaint. F.l . A^m e in-t. t' K . whilst 
the yuis anal} si's wi're earru'd out h\ .Mr Ih'ialio P»allant \ne, 
l^M (\ ddie heat elkieit'ne}' of I la' proiluec i‘- was found in two 
ways 

(1) t'ounime in the fuel nsial in th(' '■tailing up opeiation 

winch ineliah's that neet'ssaiw for li;<' lu'.itnic up of 
th(' plant 

(2) ttniittina the first two luairs of the* t(‘st, and so ^ivinc 

th(‘ plant what may he termed a ' llyinif st:ut 

TIk' (fiiant it j('s of water UM'd are very interest inL^ The 
ticurc's show((l tJial for vapi 'i i/at ion, tlu' 4t» lill.P plant 
wsw'V ‘ahowf \\K) Wo per \vo\n\ whilst the 20 P> ll.P. plant used 
A\^o\\\ \\^ pe\ \\(.ww . V\w' V\w' , \\\e AVi WAV \* . pVwwV 

Used about. 400 Ih. pei‘ hour, and tla* 2o P>.11 P plant usi'd 
about 2S0 II). ]K‘r liour. d'his shows how small a projxution 
of the total water eonstimption is nei'di'd for vapoii/.ation. 
The anthracite list'd was of an ordinary eommereial kind, 
eostinc; 14-s‘. iul. ptr ton at the pit, and ahoni 21.'. pt'i' ton 
delivei’cd at P)asincsto1^(' Tlu* t tticK'ney tiemes for th(' two 
proOnet'r plants wtrt' loiuid to Ik' 
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1 ST) 


“ Staiidinfl stai’t 
“ Elyin^ start . 


(40 E>.H.P. Sf) ]»t‘r (vid. 

i;’(i 7r> ))(.a‘ cent. 

(40 li.H.P. SO }M‘r 

i::o li.ll.l*. S() per <(Mit 


should Ix' mach^ to iho paper for dctaihMl liunres, 
])u1 it may he mentioiu'd that th(‘ jias was iound on a ueiu'ral 
av(‘ra!j(' lo ha\e a ealoi‘iti(‘ valiu‘ (4 1.47) H/Th T. jier (‘uhie 
tool, and ha\(' a ((unposilmn as tolh.w-- 


1 1 1 

i^'.") p( 1- 

tdH . 

1*4 „ 

(4) 

. 40-0 

( (), 

TO ,, 

jo, 

Oa .. 

In, 

, Ta-S ,, 


K'O 0 


r^O. Tests of Pressure Producers.- Hi loo i me e\haiisti\(‘ 

mad(' in Anu'rioa on the n -.nils of (‘m[ilo_\ ini: ditter- 
ent vari(*lie> ot hitnminons eoal in pl<‘s^nr(‘ ])roduce]‘ jdants 
and in stoam cm^iiK's, ami it woilh while to uino a hri(‘f 
a<-eoimt of some of th(‘ htoin's ohtaim'd \>i( p. isn). 

In (‘aeh ease the output was alxuit 400 H H.P., and in 
most t'ases the l(‘n,atii <»f (he trials was Iroin 10 to 40 hours, 
!Mr. Sliohm r)urrow> has reported the result of a 44 day test 
undcTtaluai in lOoi; on a pressure producer plant operating 

with })ituininous tml AnalN-^is ol tlu' fuel showed — 


HA) . . . ^ . 

. 14 -US 

Volatile eonihustil h' . 

. 40 -DS 

Vxxed evwtMUv 

. 44 -ha 

Ash 

(O OS 



/■44 


too 00 

B.Th.U. per 11) 

- 14.444. 

* Th( Tinn'^ I'ln-ni.mi.}/ ^Mp|.1 

.lit! Ill, 4:i 1407, 
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Jvhk! i>f t ''i.i! 


I 

\ n.u‘ ,.l Sainpl*' 


Cii.il 1)111 II -il 

, i: II i>. 


SliMlll I tl.l- 

ri.iiil : I'l ID! 


J\.l 1 1(> 

<)i ( ).ill 
list tj ll\ 
sic. 111 ! 
I'l.lllt 
111 th.ii 
n >('il 111 


I'lltuinlM . 
IM.Ick lll.Mll!<' 
i’•llulllnl 


M.iImih.i. \r'. . - 

( nl.ir.ui.!. N.*. 1 
lliiiKii^.. x-> :i . . 

t . - 

liultiUia. i 

liiil. 'IVn.. X'». 1 

I 

l-ava \.. 2 

K( lit n<-l.\ . Nn :» 

Mi'M'mi. No 
W . \ u L’liiia No. I 

,, 1 . 

s 

,, 

s. 12 . 

\\ \ oiiiiiiL'. No 2 


I.I. LI. 


l OS 

i Lil 

2 4n 

1 ;s 1 

IT! 

2 k:; 

} :;i 

1 7n 

2 12 

1 so 

l To 

•) ■y;; 

! \:\ 

1 n:; ; 

2 M 

i 

1 .t:. , 

2 SI 

1 01 : 

1 s:; ; 

2 21 

4 1.1 

1 42, , 

2. 2 1 

1 0.-, 

1 Tn ' 

2 SO 

'i:i 

1 02 

2 i:; 

1 22 

1 ni 

2 21 

1 o:t 

! Tl 

2 Ss 

no 

1 r.T 

2 4s 

(.2 

1 2 n 

2 SO 

:i r.;. 

i 10 

2 12, 


) T.s 

2 til 

4*; 

1 }o 

2 17 

;.:i 

1 :,o 

2 2o 

r. no 

2 tiT 

2 So 


A\fi.iDf<- 2 oT 


'riu‘ ua> l('f 1 t}i<‘ Jilioiit rii-l !•' and a 

wah'.r M‘a! to tlio .-cnihlMT TIkmum- to n ( -^Mtt i ifiioa! tar ('.\- 
1 t‘a< tor d'lio (alorilu' value ol lli<‘ L’as wa.-^ toiind to Ix' l.»(» 
]MT (*u. ft and it-- ( onipo.sil ion was 
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Al)()iil I 11). of lar was (‘xiraclod ])or ion of coal iisfd in 
ilu' jH'()(liic(T, wliil^f the aj)})i-oxitMaio show thai an 

av('rap(‘ (>f ]|>. of coal u<is u<c(l per l> 1 1 . P.-lionr. As 

tliisplani ran for 11 1 cohsc<Mil ivc (la\s willioiit .-'liuli iiuji: douji, 
it is cvi(l(‘nt 1 li.it coni innit y of ojjcration conli} la* ja'acticallx' 
achi('\'('(l. 

Hic \\liol<‘ (if (f**^ 1 s wo 1(1 ^luiw 1 lu' ci'caf fuel (M-diaaoy 

('!)laini-(l liy tla* iis(* of <ia^ plant a'- cmiiI ta'-lcd will- .-ttani- 
plant. Allot feat iiri' in wlii'li 1 la* y.i'' pla nl lia^ t he at ! \ an- 
ta^o i< in ila- . inallne-- of the stand-by lOFSeS. W lien a t-oiier 
IS hank(d Uji ha" the mylif it eoionnii''' a \er\ nnK-h latiP'r 
ipiant it ol coal durini^ tin* pi t i< -d (»f oanlani: than a pnai in er* 
plant of t h<* ^a ni(' out put wi.uid ri (juio* Aa I iial nu a-im ini'nls 
ol thi^ natinv aic htwad-d l>\ .Mi la.W'O-n in hi* hook 
on 1*10(1(1(01' (kiv. and it va lonnd lhai m il.i oa-o of 
stiaini p(0\<‘i. tlio (Munnip; <iii .d' fuel per ,*-1 oa'n'w lain 
A\a*' 71 -d Ik and in tla ■ ; * oi t-o jH-wi'i' .‘o.'i Ik mi!;, w lii( h 
shows a rat ii- oi akoul I’o ti- ! And *-101 c ('at h of i he-e I'Lian’es 
is the mean ol s('\era! It l-,tht \ ao' not op.t'iilo I htM-nl ieiMii 
that tfie\ rt'prt'-t'iil i-olats d (;i-(- • n!\ 

H will kt' of a(l\anta<jo to iccord at tliw point what an* 
th(‘ chief oliji'.'l'^ to k(' a(‘liie\el in the At iiin and wmknit! 
ol prodiK'er plant - 

((/) A tairi^ de«']i fuel kt d *-hoijl<l Im- allowed foi - >{ lu'iwt i,-t' 
the air ma\ khiw IhroiiLdi m thin place, and o> h'ail 
to loial ^allatlon^ in IIk' It'inperal nre 

(/>) {*ro\ i’'ion of .Notner'Oit mud he imule to pre\'*nt eakine 
oj’ ea\ ilat ion <-1 I In* fuel. 

(r) l"iu*l niii'd Ix' led in and a'']it‘*' I't'inoAt'd in ^neh a w<iy 
a*' not to leiidei t h(' •jn‘ocevs d isct ml iti uou-^ or inter- 
mittent . 

(d) Lt'akawe of ya*^ from pre*'-.m< Jnod^ee^'^ nimd at all 
eo.sts l»e avoided. a> the pa-, eoiitam^ a laiL’c pro- 
|>orl ion of j)oi.Nonons ( '( ) 

TIk'I’c an* a po^d many makes of pi‘(‘<siin' ]>rodne(‘r j)lant, 
and sonu* are adaptakk' foi ky-pi-odia t n'cioery, Avnioiie 
the latter one of the nio.st pioininent types is iht* Aloud })ro- 
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(liK-er, \vhi(*li is ummI <ni a !nrii{‘ sfaU‘ in Soiitli StalTord- 

sliire. Hrro ainnionia in lln^ form of annnoniinn siil])liato 
(Am^SO,) can lx* prodiUM'd as a hy-prodnct and s(»ld foi* a 
(•onsid(‘i'al)l(' ainonnl often more than enough to pay tlie 
eoal hill. In tliis pnxa^ss. as ha^ ali-<‘ad\ been (‘xplaiiu'd, 
tli(‘ temp('ratme of tlu' prodiK-er must he kej)t low, and to 
do thi^. lari^a' (piajitilies t)(’ stoam are used, as much as ’ 2 \ jh. 
p(‘r Ih, (jf coal. I’his ha^‘ tlx' elfret of <<»m><‘ of irdia iiiy 
Mjiiu'wliat tlu' aetual ei‘liei<‘nr\ ot tla^ Lcis produeor and of 
raisiniL! th(‘ p(M‘e»‘ntau(‘ of hydroyen pr(*s(‘nt, hut not to siieh 
a )>oint as to inti’ndiice trouhh* in a ,• nil ahh* engine 

121. Percentage of Hydrogen, din* pena id.tye of hydro- 

yam pri'^ent in t h<‘ yas to he emplo\ e(l in a yas eiimiu' reynlati's 
tlu' amount of eompres'^lon whiili can he ii'^ed \ y<H)d eom- 
pri'ssjon is c‘>s('nlial toi hiyh (d’ii< ienr\ . hut d the piiiporti- n 
of hydroyen is hiyh the (hmyei (»f pM^-iyml ion has to hi' 
y. ar I'd ayain.- The tolhiwmy tahh lalscn Irom a paper 
hy Mr. d R. Ihhhins * '-hows the proportion of hydi’oyeii 
jire.sent in \arious kinds ot yas and tia' ealorilie \a!iU‘ of the 
yas will'll taki'ii alone ,ind when taken with it^ t heorel ieall\ 
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liulroL'^pn )>y adinitliiiji s(?iu(‘ of lh(‘ exhaust gases into llu* 
|)ro(liK(‘r inslc'ad of \\at(‘i' \a|)our. It) tltis case llic di^>(K*ia 
lion of ('O. r<'|)la(*(',s tliat of II J) 'PliiK ]>nH-<vs is ('all(‘d tl(‘ 
'‘straiulil carhon-nionoxidi' ^as prodiaaT.’’ It is (‘lanm’d 
to \v<n‘k vorv uoll and to pcTtnil of \(‘rv Ingh (‘oinprossioiis 
l){'in^ m.mmI TIh' Lras has a caloiilic value of Ido 1> d'li V. atid 
a eoinposjt ion of : — 
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Mr Andirws ;ilso taK<‘s lln- (m-<‘ when tli<‘ load t.nlor is 
15 Pont., and in that ronditiou nf iiimnnu thn rf>>ls 
pc) KW liouj' catnc mil a1 0-515/. lor' .-Irani ln^i>inr^, and 
1) 5(i(if/. for ,ii,as (‘tnnnr.- d'hr.^r rairs air invniy lla* -ainr. hut 
with ii>r of load hntor l hr halanrc w ouM ,-oon turn in faxonr 
of thr lias plant Mr \ndr(A\‘s (‘^lnnal(‘ of th(‘ capita] ro.st 
of ]]jr ,Lrl^ pliint, \ r/, nraily £19 ju'r KW . would now h(‘ roir 
side’. ('(1 unduly hiu’li. 

123. The Use of Gas Plant for Marine Propulsion h.is hrt n 

tlisrnss mI hdoic scvraal riiLniuauinr sorii'tirs. 

Mr d. T. Milton in lii^ iOlM) papm- iK-foir lh(' Institution 
of ('ivil haiuiiircas .-t.itrd th.d 1»(‘ was k-d to tjivr attcaition 
to rii<Tin(>s of this kind in coiiim \ion with ju'oposals to tit 
tlirni in vcssfTs rlas.-rd with LloNd's lh;:ist(‘r. The jiapcu* 
deals with engine prohlems only, and assunus that, a pj'oper 
and suitalile 1 s ja* of ])rodne(‘r eapahk' of usin^ elu'ap fuel 
would before lour h(‘ a \ ajJah](\ d’lu' w i itiaad the papt'r spf'cifies 
t he following eondit ions which must h(‘ satisfied h}’ a. successful 
rnariiH’ (Mi^din; - 

{(i) The (‘tiriia; must h(‘ inwaa-silike 
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{h) U iniisl ])o rfi])al>lc of boin^ stopped (joiekly and of 
bein^ starltMi (juieklx eitlKT ahrad or astern. 

'p) Jt must be capable of Ix'iim |)romptly sjieeded to any 
(l(‘sired number of re\olution> betwca-n <]ead slow 
and full s])eefl. and of beini4 steadily a1 tlu‘ re- 

(|uir(Ml sj)e(‘d f(H’ any l(‘n"th of time. Dead slow” 
ouiibt to b(' not fa->tci than (>nf‘-(|uar1cr of i ull spec'd, 
and should lx* l<‘ss t liaii 1 his in v(‘rylast 
{(1) It must ])(• capable of workiuL^ \\(“lk n<>t oiil\ in smooth 
ual(‘r, ))u1 also in hcav\ u(‘athcr, in a seaway in which 
th(‘ \.ir\inL^ iinnimsion oj tlie propellm’ causC'^ iaj»idly 
cliaiiuina (omlilions of r(‘-<i^lan('(\ 

(c) All wmkinii p,irt> must br r<‘adil' aicr'^silih' for o\{']-- 
hanhiiK. <md all wcaiiny surfaces must be lapablt' of 
Ix'iim pi'omptl\ ;ind !(‘adil\ adju^teil 
(/) d'he (“iiLono must be (‘conomical in Iticl and ('sjKM ially 
M) at Its ordinary woi-kinii sjxHal. 

<\‘rtainly no existiiuj; enuinc < omplii s ujth all thcsi^ con- 
ditions. and ri’fi'i (‘n»‘(‘ '-lumhl lie mad(‘ to Mr Milton''' [lapcr 
ioi a disMi'>ion ot th(‘ difli'-nlt le,' some «ur\cs Ihoi’c' 

0 I veil show ini!: t he dillei cut t urnniii moment curv(‘s for ditTercnt 
arrangements of cnirine 

\nothcf pap(‘i‘ is that rc<id Mi' d M» Ivs lime bidoit* 
the Institution of Naval Ai'idiitocts under lln* title “ Ih^o 
pcllinu ami Ordnance Machmci v oi Warships/' and a jtorlion 

01 it (k'als with uas cn^im' propubion. It wa,' staltal that 
at tli(‘ \’ickcrs WAi'ks at barrow in buriH'ss then had In'cn 
const I’licted internal combustion enimics (d a power cijuivalent 
to about bOMIO 1 11 IV, and that for t hree (M' tour v-ar.' almost 
(‘ontiniious r(‘s(‘arch work haeV been undertaken As a result 
of tlu' <‘\[uaimenl a il-stiokc mmiiu* has bren desjoiu'd. Tliis 
engine, it was claiimMl. co ild I e w orlwd b\ producer iias oik or 
eoiuju'essed air. was je\er'ib!e, and could tak(‘ yas diicit from 
a pr(‘ssure ]U'odu<'<’r without any scrul)bini>; ludni! luaa'ssary. 
'To prevemt tlu* poisoniny of tin* crew In t Ih' leaka;j(' «)t tlu^ 
j 4 as from didective joints the pipes wme jacketed with air imdtT 
«'‘omj)r(‘ssioiL 


rior. f \ t,. |UUs 
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Not only \\oul(l (Ik‘ mtrodurtion of jj^as cnjiincs for \\ar- 
slii]) jn'opiilsion load 1o a ^ain of spaci' and d(‘ail woij^ht (so 
allowing lli(" olTi'iisixa' or dof(‘nsiv(.‘ inaL ri(d lo la* added to), 
bnt the bettor dispositive^ of its parts, and tin* abs(‘iie(' ol 
fninn'ls would admit of a great iinprovt'im'nt in lesjieei of an 
aetual increase in tin* number of gmis w liieh conld fire* on 
either broadsnh*. In the pro])os(*d ])lan of battU'^-hi]) eon- 
struetiom Hie gas prodiieers are shown di\ided into two sets 
well on ('ither side (d tin* ship, and the pi’ojielling maehinerv 
is sliown w’(*!l aft The deek is clear fo7- gim barbetti's. Mr*. 
Milton giv(‘s the follow iim eom]>arati\ f* table jllnstrating the 
sn])('rionty of th.e gas (*ngim plant so tar as ar('a oec'Vipied, 
W(-ight and fuel cniisnmjit icn aie i*oneeincd 


i'oAll'MOsnN nr W 1 U.’I Y ^ 

1 I’l < » 1 

^ H \A 1 (lx, 

XM) OlT 

'HI M ; \ 1 • >u 

111 HIM) 11 1- 

11 \ TJ 1 1 ^ 111- 


- 

. ,•,1. UiijiiK 

U.i- I'l 'll.-' 

Oil 

1.1 l.r availiiltic for pn*- 




prllin^^ tin* . 

hl.UlM) 

ni.non 

If). non 

\\ ot ii\ii( lull* rv. in- 




i ludm^ u-Uid iiUMhat i< ", 
liiit not Pm k luaclimt r\ 1 

1 nii^v * 

1 , 1 n.“) toil" '■ 

77(1 ton-" 

T.H V. p< 1 t<>n (»f iii.H'iiitici \ 

,\i’ca ()'’ciipi< <1 ]>\ maoliin- 

lu 1 

14 IS 

21 :!;{ 

(.‘r\ and !»oj!< i >- 

or ])Iodlu•('r^ .... 7, 

, 2.70 "(j. ft 

.k.SoO s([. ft . 

d.inusfi i 

\na p.-i i ll Ik . . d 

1 . 7 i> s(j. ft . 

n ',m Mj. ft. 

0 277 H| ‘ 

kncl conMiiiijit .oti in ll». ]m r 


1 


i.Tl V l.Mur 

At lull puwrr 

1 (1 tb 

1 n lb 

n (1 111 . 

/\.l altni.t 1 lull p('\\<'r 

i I.U ll>. 

1 17 lb. 

(I 77 lb. 


A further jiajier is Mr A. N’enm*!! t'oster's, before tin* 
Maneh('stei- Association of Engin(‘(‘rs, dated HKiT. As 
Mr. foster had mmh experk'nee with marine steam engines, 
and spent many yi'ais with Messrs frossley Bros., his 

* Tnchulfs in txal^-rs, 

i' „ ,, jiH'k.Us ;m(l pipiiifr, tail not coal in j)ro(tiu‘i‘rs. 

I „ ,, ia< k< is and pij>m^. 
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(wpcj'ictK ui\ps Ins cniiclij.'ions inncli authority. The 
follow ill, are tin' ;ulA'antaj.^(‘-. ehujued f(»r th(‘ eii,piiiC' — - 

1. Th(‘ ship (liiv»‘U willi liall the aiuoimt of fuel. 

2. Siaiidard losses r(‘(lue(<i o\ej‘ 7r> p(‘r e(‘ijt. 

3. AWakiny pn ^siir<' eoiiliiual to tlie eupiiu* eyliixlers. 

4. No Isiiler I Ilk'*" oi' main .-tivnu to Inirst , nor furnace 

erowjis to '■oM.i 

5. No pi'iiniuu in a heav\ soawax. oj- water hammer in 

p!p(‘s ail'l <‘\!mf]eis 

0. No iiiMfe diltieuUas the 1iriu,e of lioilers on a keam 

SCM. (I. IS |ao(l!i(‘<rs uuiA he c'lianaal only twi<-<' ev('ry 
t\\onl;\-lnin liotiis, and the rolhuL’ and pitching of 
tla* [atlx-j an advantau' than other\\is<'- in 

a'.a.nn.u the Itaa (ho.n tiom the ♦•tuireinp lio]i})ers. 

d'he tlii(( main dilVs nit er, ni (la wax ar( - 

(1) d’iie i oil'll i'uel Iph (,! a -Ms podiuo able to gasify all 

grade- ol i Mhnitin- nix t oa 1 

(2) A -!m|ii(‘ nutlioil h, (ir.inre the gas fnnn tar, eitlicr 

b('foie life ihtio.liK I ion ot 1 lie fisvl into tin' producer 
])ro|‘er • w h( n iii tiic jiroduei r ; or after the nix has 
left tlie produce! on n> A\a\ to the caipiiKn 

(3j IVrhat "ontiol ol tho gjo-pi o|ie!Ied in starting, 

stop]iiiig. nwerxing and running at all spdds 

d'he first of tli(‘>(‘ dihieulties oh\iously is aA’ouhd if eolvcm' 
mil hra< i1(‘ is nsoi] ,n t he prodipa j-. hut t his solution is nuilher 
(‘('OiU)mi( al noi‘ satixfaetory on other ,erouuds. Jntuminoiis 
coal must he reg:ndod as the soere(! ol the piiwcr t(j be used 
for sbi]) j)ro|iulMon. Mr. t'ostd' stated that in his scheme 
for the cargo a(T:(’1 Loril Aitirav the jirodueers were worked 
by imams of a (low m-dra iigdit at flie top, and an iij) diaught 
at the bottom. A\hieli imd at I lu' centre and the gas was drawii 
off by siP'iion, ddie ,gas was then thoroughly s])iayed and 
cleaned hy being ])ass<'d ihroiigb ecki . xawdnst and Avool 
wood scrulibers. 

The rcA^ersing diHieult} can b(‘ met in small engines liy the 

o 
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U!>e (4‘ a rcvi'rsihlr propeller, but for obxious reasons Ibis 
would not do in the ease of larae eniiines. I’'or ])owers up to 
5(H) 11. Ih oeanne niay be introduec'd to etleel a. riwersal in 
the dire(‘lion of piopelliT rotation, just as in a motor ear. but 
tfiis eann(4 be u--ed when the pow'er transmitted is ri'ally 
la rye. 

One of the <rr(*at dirheulties in eoniKAion with th(‘ utili/a- 
tioii of tlu' yas eiiyiiu* on boaid ^hi]> lies in tlu‘ laet tliat when 
tlie of tlu' ship is deerea^ed. th<- u'sistaiKe to motion 

is deenaised at a l<tr yiX'aler ratie and this means that the 
mean elTeelix^e pre.'>^ure on th(‘ ])iston must lie eapa))le of \eiy 
c onsithaahle reduet ion. ii('n an altem]»t is mad(‘ to yet 
very low nu^aii (dhaOixe [iressures in a yas eimiius tlie enyine 
IS ii.dde to stop ail "yu'duM' — in bu t tiu* ya^ enyiiu' as at pn^sent 
dev i-ed is nol sidlieimitly elasiis in its mar.mi of Wi'i'kiny to 
make it an (4leiti\(‘ rival t(> the stismi teriune tor marine 
purpitses Th(M|i|]ieu]t V ma v be solved by driv my yiaierat ors 
trom tile yas enyiiie'> so prodia-iny elect rit eurriait wliieh can 
be Used in mol ois di iv my t he >ej,‘\\ propi Ika's. hut this reijuin's 
a yreat wadyht of maehiiKuy. and is eostly. 

124. 4’he v\el!-knov\ n tirm oj Thorny croft liave been w (»rkiiiy 
a yoofl rh'al at the prohkan of adapt iny yas enyines to ship 
pi'opuKion and an illustration is shown m Ihy. 51) of an 
enyin(‘tiie\ aii' int('re--ted in. 'The eliief ditlK ult v is to dt'visc* 
a sueti,Mi j.nalueei whiifi will woi-k VMth l>it uininous or (‘akiiiy 
coal witliout 1 hc' nei'es-ity of hi iny pr<»\i(hd with apparatus 
lor t he e\) !'a( (loll ot 1 ar and othei- hy-pioduets. 'J’lie tar often 
amount - to 4 m 5 per cent and ma> he as hiyh a,s 15 per cent. 
Ll Is' tlierefore iKMissary to arraiiye (he ]M'odu<'(i so that all 
tiie tar produecal is (onsunual hdori* it leavi's Ili(‘ ])i()due(‘r. 
This can he done by feediny in the ficsh fu(-l fium ludow, so 
that the heavy hvdroearhoiis yiven off fioiu it are eonsiniied 
as liiey rim into the hottm- part of the tire. 45) save widyht 
and space Herr ('apilaine has hit on th(‘ idea of idc'aniiiy Hi(‘ 
yas by intiodiieiny a hm* water spray, which mixi's with 1 he 
dust and other iiiijmril ies, making a kind of tog. This log 
then ]>asses into a eenlrifiiyal machine wdiieh is driven fast 
enouL'h to throw out tin* im])uriti(‘s and leave ek^aii yas in th(‘ 
middle, whicli is Hum tirawn otf by Hu; enyine. Mr. J. E. 
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it is known tiiiil 1h(‘ aiva- of Ihe jin* iKna-ssaiy is only 

() <)5 s(j. fi. ])('r li 1' , whojvas tlio- avtaai'c fur an ordinary 
nat ura'i-dran<!ht steam koil<T, hiii’niny 15 Ih coal jier sq. It. 
gi’at(‘ area, would he n i! sq. ft per il.P.’’ 

'I'he followijiL^ te^t re-iih is i-ecorded by Mr Thornyeroft : — - 
“Tests wer(' mad(' on Xovembm' IIHH, with the 
Tso I and I-Jji a strain tie.' of \t'rN nearly the same dinuMo 

sions and p<‘W'(‘r. d'he fn/N/zq/ No. 1 is -I I It. 5 in. loni]!; by 

m ft in bi.mn aiid is liib'd wnh one o[ the fom-o‘vlinder 
7<t II P. siietion iras plant-,, 'j’lh AV// /V./r i- 47 ft.lonii; liy 
12 ft iu'ann and isiitted witli <i 1 1 iple-e\pajnioii steam entlint' 
(h'Velopine 75 lid*. .\t th(‘ towine melm' tlie \o. 1 

attaine(l a imrdmimn puli oi 2. 1 bi lb atat ilie a ma.\i- 

mum <'i 2 <LM‘ Ih. A jiin Irom IbimbinL^ to Kiel and back 
wa-> made by 1 he-e Iwo bo.dv, ilmiini’ Vv'iw stormy vveatla'i, 
at a maint.o'M'd ^peed ot ' bn«>t-- Tie eonsimqit inn of fuel 
wa- mea'-'Uied fni a peienl nt in leans an<! was as follows 

Idu' the b'o /M,/ No. 1, 5:»n In ef tb-nn.in anthiai iti^ : for tla* 

l.^'2n 11) ol i‘o,d. 'I bi> shnw> an ‘‘eiinomy of 

J to :! j [ ill buoiir <4 the ua- [tianl “ Not w it lot a iidiny thes<‘ 
siice'-s fill < iioii^ (he (iillieuli a to be sol\ ed befoi'e lhi< method 
of sh']) pi’opiiKinn lieeonu at all eeneial are ^«■ry nn'at.* 

]25. Low Coni .hindlic. An mejinr lia- lieen int rodneial 
liy A. M. liow in wliieh a speiaal e\]i'i(h'r head e(aitains a 
miiiiatm'o ]>rodneer. so that small noal ean be fed direei 
to tlie niiLune. Hje Coal pa^^^es down ^erti'•al tuin''> lieated 
exteinallv by the exhaust tiaM's : tlirouidi these tubes is 
jia^sed a Arram ol air and steam in the same [uoporiirms as in 
a suetion eas produef ]’. It is Aaimed (bat an evnoiiiaentad 
})lant used old} alxuii n-5 lb of e<.al per U 11. Ih hour, but 
detailed liyiires an‘ not pdven' of tin- le.-.l.+ 

APPT\]>iX A 

The following, is a d<‘se!'ipl ion of (he (tpeiation of a typica 
suet ion jiroda'-i r iilant . 

The suetion t \ p'' of ^as prodii'diej: plant in question (Campbell) 
consists esseibialty of tw'o main eleinenh'n a jjias jirodueer and a 

See hdtnial CnHiluid-fm Kixjnx trhuj, p, !t‘i, Apnl 29, 1014 
■j TliC ICntjintcr. -r 15, 1912. 
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gas s(‘rul»h(‘r. In addition t(t lliosn tlnn'c^ is .i sini|ii(‘ for?n of si^par- 
alor 11ii‘on<:h which th(^ii<\s j)a'^‘''«‘s on ds \va\ liom Ijic piodinaa' 
lo ili(‘ S('nd>h{‘i-, aiivl in ^\hllh it ilcpo^iis 1 h<‘ licasici- j).nlici(‘s of 
diist\\hii‘h ar(‘ cariK'd o\cr from Ihc priKlnccr. A 1 m)\ is also 
prov idl'd l)(‘i \v(‘(‘n 1 h(' smidhci <nid liu' ‘-niiiiM* lo act as a ri'sci- 
\’oij‘, fiom which 1 1n' ('iiginc < an diaw a ri'gniai sit]i|»!\’ (d‘ ‘jas. 

1. Mdlxid of (ofs J^rodih lioit -In this mclliod nf gas })i<*duction 
air anil steam at atmos|>hc»ic pi'i'ssmc an* dia'ui i iiiotcjh mcan- 
dcs('('nt hii'l h\ tiic motion of the ('ic, ln<. 1 he « 'X > ^m'ii iixdoioi'n 
and i-ai'hon comiMniicj m the proincii to h>nM a '■omhiisi dhe li-is 
which is siiit.ihk' lor jio\'('r pnrpnsi's \o boiler foi j>!o', iding 
sti'am inidi'i- pressure is letpnn d. and no gesMiui li'i , t he eni;iii(' 
generating its siipplv ot ua,- b\ tin motion oj tie piston m the 
cylinder' 'I'hc fuel used micd Im* ant hraei»e * oal oi .ole- {bitai 
miiioiis eo d must not he iisedi d'lH' st('.!iii i' jciu'iao 1 m an 
c\ apor.itor \\ liii h is heated t»\ 'he lire in tii''aas pioln.ti d'hc. 
air 1^ ilraw n into i he ptodueei o\ I'l t he .snr I’aci of i he fie iti'd water 
in the t‘v<iporalor ami in ] lasting t a Li's up the d am Imh it then 
cail‘i('> ihioimh the ptodueei 

li (>(',( nil I ti.^f /'loi io>(,s d'lu ''oal u '‘d .-houM ix' p.e-si'd thiough 
a si(\t' and no pici ('s under } m. (d mm i 'Imald he used d he 
most suilalth' si/,( is ^ in to 1 m tlb mm to nun i < o.d dust 
is not onl_\ of no \ahe t,ni n tend' to stojt <ip llu' pipes and 
iiitcifen' with the worlsinc ol i he plan; d’lu' fuel should not be 
imoisti'iied lietoie It is lisi d All the mo's! m, reijinn 1 shonj.l bc' 
pio\ id< d in 1 h(' f'onn of , jii ind pms throiieh tlu' me m the 
ordinai'\ wa\ as desiiibed below 'riie < \ apoi,,:or slumid ' ,a\s 
be j\epl I nil (dA\ ,d er 1 1 » t he e\ < 1 llov. pipe \ v, a i • sn ppp, must 
b(' pro\'id('d foi t he ewipoialor and the eoKe mi-be' oid a dr.iin 
to eai ry aw ay t b(' watei foun the stiuli'v'r. In ariN U' iillaiioi 
of this t \ pe. the elieim* slumid he ereei(.'d .e elosi to the pi o- 
duei'f as piaet ieable so t hat the < onne. tine pipi s Ii.a wemi tlie two 
a?'e as short and diieei as can be .irr'atiLa'l 

It. To Slorf liu d'f/s Tj'(Khir,r eg/hr or (ddnu'ioj. Iteforo 

slaiding it is of tlu' greatest impo’'tan(‘e to s^i that <d! tlu' piping, 
cocks, and xai'ioiis xcs'-els w'hieh lo to ma’ue np tlu e n prodm mgf 
plant sjtoiilfl (/<• air llqJil, as ilu'-* a[»para(n- wIk'o iii opt'mtion is 
snbji'eled to an exci'ss of atmo''‘pl!"rie pi-"s air fioiii wilhoiil if 
the vai'ions jiarts of tin* plant are not a light, tin airvlncfi leaks 
in will interfen' with the (inalilv oi the gas and make Jl pooi'r'i'. 
I'\)r tins reason tlu' w hole a |)par J e,^ should lx* te >ied alter i-i'i'etion 
lo tu'o\(* the -oundiu's- of t he joints, the U's', bein;.- call el out as 
follows Jlefmiing the ithi.-.l rat ion, d ail llieop. nnms .oe e!o-ed 
except the (MK'k I! and air m Hh'ii blown info tin appoMtusbo the 
hand fan A, lie' \'aiioii,. punts ('an be lesij | Vvd?b .< Imhl. !f aii' 
or gas ese ijx's from (In' iomt ^ n will Ik* at om e fb'o'ett* 1 ddns 
test sliuuld be mmh' jx iio li'-ailx fo soe that ('\ i'r\ ; bing is inorduu 



lOS Till': IXTKIJXAL (OMIU’.vriOX HXiHXE Iciiap. vi 


It oiii at aii\ tmic alter i-lcainiii'i. .imi wliei] es’ei-y- 

thiiie 1-^ pto\((l to Ik Hi ij^ooii v. oi kiiiu hiiI^k iIk' eiejiiie ^’hoiild ])o 

niatle ie,ul\ fur Hiiiiie li.ilc' use anIkmi the ya-< i- .i\ aii.il'ii'. 

Tiiu that a 11 t ill' juHi! .»!'(■ -u-aiid aitd t iylit the water sliould 
HOW he turned ui i t u the i uivi --i i'H hhi 1 h\ iia'aie. ul t h<' t a ] » ( ' unt d 
it 0\ el'liuW-- llo nii'jh tiie |Mj)elt jau\id<‘ifu» til. it j>ur|'uM' h la 

esai'ntial ill it 1 [i(‘ -siidih. I -huuM eon! ai'i '-iii'i'a lent w a! rr to seal 
the 'ja- Hllrl 

Watei ^hould then he ad'aiHtu'l ti, ihi e\,tpnrat a (■' h\ iiu'ans 

of the tap t • mil ll It pi"! U \ et ilu\\, 111 dt'ip" I’N the pl})e 1 provided 

for that pmpo-vc dht' ov i i Ih.w -hoidd ix \.i\a|i.dd l*efoi'(‘ -t art 
j lie and Hill'' I ha r(‘Lodat ed 1 1 oiti t iHie t o 1 1 im w hen i unnio'j aecoi d- 
iiie to the load on the oni;in< a^ de'^ei ih'-d he low' d he la p'- 1 ' and 
1 1 and till' eoi k 1 1 .->1: 0,1 id now lu' rlo'-rd d ie' ( o< k i > and t he eo( k 
d on t he w pipe 1\ ,-i‘o')l.( 111 opcneti d li,‘ till iloo) 1 . ,itid t ll<' 

a'-llpll doo| M shoidd lien !>r op, le-d and .• too o{ wood ot eol^(' 
(-tarled ni tlie lv- pioheri hd » ii> : t'Uii ^ to'il thH-imi 

)u> >((•' <iti III hi it-(fl Wde '1 'lie 11 "' 1 . (iin nimj i.p w< !l ant ill nail' 
eoa! ^iioiild he add-d thion'ditln imppi i \ 1 1 1 -mad 1 ' pi‘t ' 1 1 !' le^ 

f toil! I line to time a*, tie w hoia nia oi I ik'! !h', . me- He andt --i eiil 

I liroiii'lemt thm iieine ('.lutiniK' 1 ■ nid the a-''' pto'l tear n tail to 
tlie le\ el ot t lie ho! t oni ol t iie ea,' pipe i’ [ !e lii'i doot ly and a.-le 
pit door M >hoidd i»e , io-.r,! a^ r. 'on i- the , oal i- well ahehl d'he 
iiand fan A mu.'-'t ie* U-ed tie tile j m po e ot Idowma up tlie (ire 

w hen -t art n I'i the w h- de ot the pm 1 net - oi I'omim-t !• m ! leii n_r blow ii 

1»\ itN me lie tliionui- tin 'am pipe I’ -a p.ii itm it a tel upl.d'.e pipr 
Ktow.ete Ihe ( oi k .1 iieiiu npi n dm imj t id ipi-inion .''appo-iiej 
the lire to lia\e iieen lit loi, sav. tdterii totveiilN mnmle< an 1 
the iiaiid fan to h,i\<' i*i « n in opt i at ion dm ina t h.,t t nne, tie - ipialit \' 
of the yam hi< li n iieine made i an r-ow lx* te- led h\ p.iii!ali\ elo-diiLr 
tli(' eoel\ d a,iel thu,> p i-'-ni'/ t lie 'ja- t in ou^ li t iir -ernhhi i and u, is 
fjox to the le-’t noeli i.} ddie neatei tills test eoek i' plat eii t o t lie 
engine t he lietier: it e.in Ik* pi ;• i d at anx lonM-ni' nt point in thi' 
gas p,pe he! w een t he en'jine and 1 le e i- ho\ foi('\im|)le lleiore 
lias-miL!; ih<-L:m' (inoueh t he x i 'ddx-i thewiii'i nimt he turned on 
to 1 he -I . tddim li\ t lie t i p t ddie hlow iiij w ill lia \ e t,j eont iniK' 
foi a 1( w ml mite,- mi t d t iie sej-n It hr i and j is ho\ aie elr.urd of air, 
arul eu' h:m been hhovn in tot d-e \i> place A ligid slemid then 
b(‘ placed to tlie tt'sl eoi k and 1 le* ij; .s if of .i eood ipiaiit v will 
bum w'ith a ^1(',,d) flame If tiie coal is of uooil (juahty the gas 
will hui'n wit It a lonv' Ikime oiaimu' rt'd in colour, and one wliich 
doi'S not gooiit. ^\dl li some coals it is.dill:cnlt to provluei' an\ thing 
inif a blue tkime imt as long a- the ga - burns slt'.tdily it will 
geiK'rallv he found that, it is of suiiieient ly good (pialily lo slari 
tdi(‘ ('Mgiue 

(hfiil}n,< Wdu'ri testing tiie gas, as di'-erihi'd, can' must ho 
taken to turn the fan at a stcad\ <ind (n'cii s])eoil ruder no eir- 
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TIFF. CAS rUoDCi'FU 


1 i)l) 


(Minisl,uiO(vs slioiild Hh; fan !)(‘ stnpjM' 1 while ilie !•> SaiiniiiLfat 
the test cot-lv or tiie ju'essuro will at uiuc lall and llie liana' wjll 



pro]>aldy hv drawn hack into the <ia'^ l>n-; and ti?v the iia it- ilie 
jj!;as l)n\ and scfiihltci. the ('\|tln'-ii>n eau'.eil tltta-ehv hlnwiiiLi llu' 
water ont of the water scad and pn^sihlv dome otia'i damaw. 
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On tin' other hainl Hu' fan nnisl not, he l)lo\vn too liard or the 
gas will 1 h‘ for( ('(l out lliroogl) lhe\vat(‘r seal at tlu‘ hottoin of the 
coke sciai])h(‘r. 

Th(' la])(' sliould !>(' o|i<‘n(“d hi siieh aiu'^deid 1 hat t la* t('ni|K'ra- 
tur(* of tlie lo\\(‘i' ))oilion of (he siaadiher do<'s not ris<‘ above Ihd ’ 
Eahr aj)])i‘ox , th(‘ 1o]) ot the Ma-uhiK'r lieing eoid M'he amount 
by which th(‘ laji is ojuau'd mint i)e r<'gulah‘d a' cording to the 
load on the engim^ and ^o that t he on .i poratoi n. al\v.i\ full and a 
slight surjilus of w ati'r inns in di-o|),s only throuLdi the oNf*rllow 
pijie T into th(‘ .ishjnt when (In' eneine i> mnning niah'i' a full 
load. Wdum runnimj undm a Indd load little or no water is n*- 
(|iiired in tlu‘ a.^'lipit An exei'ss ot wa!<‘r in the ashpit n^sults 
in a. poor (pialitN of eas. 

4. 'I'o SlfU't fht KiujttK - A'' ^oon as tln' ^a- n hunhnii sali^fai*- 
toril\ at the tc'st ( oek ihn oock and thoeiiek .1 should b(‘ I'losi'd 
and the fan si op pod Tho onoi no should thon ho ‘-tailed in ( la* usual 
NN ay. No t inu' nimi iio lost in 1 1 ina t ho enuino "i art<d or ! In* (ire 
in the ]»rodue(“r will heeonu dull and a )ioor ipialil of u;a,-> he giN en 
otf. Assuinine that tlu' eneuK' h.is lx (ui -darted, the eoid^ !l shoiiM 
he opmied and more water turm d on to tlie -ernhlHu h\ th<‘ tap (' 
and to th(‘ eNapomtor by the tapti ddie < oi k !*> should now b(^ 
eloM'd. l»N openmiftlie coog I1 and (do-.ing !‘> the air i^ diMwn in 
tllT'oiigh the inhd S and over iho heale I w iloi m ihei'V.iporator 
F, th(' stud ion >et nph\ lh(‘mo\emen( ol tie (menu pi-vton ea using 
a constant indraueht of an in l he diioct ion show n b\ 1 ho arrow’s m 
the s(‘(dional iliaed'am. It nia\ bo mentioned h“ie th.it the supply 
of air t<i th(‘ eueme will havt* tu he ailpisted Irom linu' to tinu' 
according to tin; (piah1\ of tho eas. l''oi this pm pose a sii!i|>l(‘ 
form of t hi’olt le \al\e should be proNidel in ihe<ui inhd passage 
throngli which air is suppliod to the engua- d'his vahe shouhl h(‘ 
reguhited so that as far a- possible tho (‘ngino taki's in a >uppls of 
gasatcNiuw e\ eh' and thus koejis (jio lire in tlu' piodueor blight 
and in good eonditjon. The engiiio should be j)ro\ided with 
iiH'chauism to eii'iine this lx mg done. 

5. Mclhixl aj Sfok'htf/ llir t'rV/'. J'nnhirrr -Tho ga- pro lueer is 
])roNided with a hopper at tlu* top foi tlu' jmiposi'ol foe/ling tlu‘ 
fire, d'he ho[)p(‘r is jii’oNided with a swing door at tin* top ami 
a \alv<; with a weighted lever , it th(' hot tom so that when fn-sh eoid 
is added the to]) door onl\ is ojH'ni'd, tic- vaUe lemaining elo.sed. 
WIk'II the coal has been (illed in through tlu' iiopper the to]) door 
is closed and the valv( oj)ened. I>y this means all air is exi'lmh'd 
from the gas j>rodu<*er. Caif' should he lakon to see that the valve 
to which the wc'iglih'd k'ver is attaelu'd is j»rojX‘rl\ closed so that 
no air can enter while the gas jirodiieer is working. Generally 
speaking it will hi* lueessary to add a idiaigt' of ant hiMcite ('very 
two or thrf'c hours ; this, however, musl di'jx'iid n])on the size ot 
tho apparatus and t h(‘ amount of power whieli ihe engim; is develop- 
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\nif. While 1h(‘ ^e\s ])rrMlue<‘r is in full o^H'Mfinn should 

not he allowed lo fall Ix^low the low<‘st point, in t he ovapoi'aloi-. 
ddie top lay<'r of eoal should novel’ h(‘ ini'aii<l(\M*cnt , t his point e.in 
b(^ watidied throiiizh tlu' niiea w imlow which ])ro\id(‘d foi that 
])Ui’pos(‘ at llu'topot llichopjKU’ Ihcviniis to stoppniLi tlu‘ (MiuiiKi, 
hoW(‘V(U’, the tire in tlu* pro(liie<u' should be burnt down so as to 
l('av(‘ only a moderate ((uaiilit\ of coal in th(‘ ju’oduciu’, sutlau'ent 
to start up (iuickl\ aiiauiwheii KMjuired flow fr(M puMit 1 v t he iin^ 
will ha\'e to be cleaned will de|)ejid upon t la^ (jualit\ and amount 
of th(‘ fuel U'>(‘d . speakinjf 'jeinuall) tw’i('<‘ a day will lu' >ut|icient. 
nne(‘ in llu' morniim Ixdore starimy and onci* at midda\ . if a stop 
paii;(' IS made then. Should ii b<- n<>c<-^'.ar\ to stir up the lire whiKt 
till' enniiK' is ;ii woik the <Mn be ilouc thioimh a hole m tlu' :ish 
dooi' by means(d a jiokei || it is ne(-t‘s-a' \ to (ak* out llie (dinkiM’ 
whibt tlie euL'ine is at work, this -liould be done \er\ <jUH‘klv so as 
to allow a- 111 t le an as pti^^ible to eutia i lie e.i-. j.-rodm ei\ lot slmulil 
an ( xecs-. of air bi' all( 0 \(sl to enter, iheea- would be of nifeiior 
(|ualily It I" ad\ i^.ible as tara" pos able to l(‘a\e the eas ])rorlucer 
aloiH' wliibl I he (‘u.'inc i' at w ork, ('.\c<-pt for t he o(‘ca loiial (dial Lies 
of (a»al which n r('(|uires 'The ^las proilucei vhould be idea ned <ail 
entirelv about once a week and the < linket i liipixal off 1 he tindu’K k 
Imine ot il)(. |)r»)duc('r it nece^.^ oy. d'lie piodiieer should iU‘ver 
he (deal led diiecf 1\ at lei the lil(‘ !^ take ! out . but should be .illowi'd 
to cool dow n u!’aduadl\ . ot Inu w ise j h(' liiebi a-k hniii’j w ill probably 
Clauds throiejh the raptd (diance in tem pci aiurc. 

b ]/ iid/tiuhr IU>x ddii’ surplu" fioni the < oke seiid^ber is lei| 
into the h\'drauhe box '\ b\ means ot the pipe h d'li' aatei 
forms at the saiiu' time a water ^ .d lor tlu' p'pe wliicdi eonne'‘t-. 
w'lt h the separator inent lone I abo \ (^ d he box \\ should b(‘ clt'aned 
out e\ (‘rv i(‘w wetdss so as to ki‘ep it ( iear of j he ac<Miuialat(‘(l a h 
and small partich's of eoal whuh will come o\ci wilh the cas 
Sp(‘('ial at lent ion should Ik* pa id to t lie pipe I ) 1 o see 1 hat no forfuen 
niat.t('r settles in n Wdien thei’U^ine is ,it woik the sin face of lh(‘ 
wat('i' in the hvdraulic box will be in constant mo\(>m(‘nl ,*th(^ 
movenu’iit, w lihdi should be a sjiujit oiu\ will xarx w il h t lu' a mount 
of gas drawn away !i\ the engine. An (»vm Ilow' pipe \ is providi'd 
to run the w.iler aw'ax fi’om this i»ox to a diain, oi’ .i" ma\ Ik* 
arranged. 

7. Cokr Srrnh/xr ddc’ coke send di'r is jirovah'd to i’(MUove 
from tlu' gas all its im|)iir!t i<'s .nul at tin* sanu' t ime to cool it , Wduui 
the -apparat us has lu'cn erectid t lu* in-ide of t lu‘ s( rubbei' should 
be thoroughly (deaiu'd and the grating ]>ut in through tlu* upper 
inanhohx ddK* scnihhe!- shonkl tlu'ii he like I with wt*!! waslu'd 
foiiiidry eokig tlu* si/r* hemg not. less ihan about I in. (2d mm.), 
ddu* bottom la\ er of eoki* for a depth of .d-out S in (b 2 m ) .sluuild 
consist, of ])ii'ccs whicii aie under an^ (dreumslanei's '.o k\rg(* that 
they will not f.di thrimghthe grating The sernblu*! can llum be 



202 TflK IXTEPvNAL ( OMIUVnoN EXCIXE fniAP. vi 


lill(‘(l 11 ]) foko to ahoiil 4 in (O'l in.) Ix-low iln* wali'i* ])i|) 0 . 
lU'fori' stavtini£ tln^ liottoin of tlu' situOIxm’ siioulO lx* (‘IinuumI oni 
llu’on^b t]i(‘ (loot's |)i'o\ l for thal ]air|x>M‘ All llu' ojxaiinijfs 
in (In* MTublx'i' should now h(‘ closixl and liic w alcr supply turiK'd 
on ''O thal tlio coki' i-, waislicd t hv)i‘onirhly fna* from all t he part iciis 
of dust whi(di it niav I'ontain hAci'N' tinea* of loui wia'ks I ht* 
hot loin -(htoi' of tlu* coke SCI ulihrl' '^hinild lxM)pcin‘d to '>(*(' W he I h( 'I' 
tlicic is an\ accuiiiukd ion of dust in llu'lofin ot luud al the hotloni 
of the selllhhei', tins if pres(*nt should he feiUMVed Wlu'U the 
coke* is tii'-t put int(( ])lae(* tins t'xaiuinat ion should lx- made iiiori' 
ffe(pu‘ntlv as new {a)ke InapieniK eont.nns a kn'in* (plant it \ of 
dust 'The coke* in the* seiuhlxn w ill. ^eiiei a ll\ sju'-akiinj he s(‘i' 
\'ie('ahle for a pi'fiod of nine to Iwe-lv** (lumths. hut thisdep(*nds 
upon tlu* amount of work which the plant ha- to do \\’h(*n it 
is lonnd tieeess,ir\' to reiu w the coke in the* ^(luhher tlu' whok* 
(tf the apparatus must lx* ^lnpp<*d the* w.i'-ti* pipe* openeil .nid all 
the asji and lire hole dooi- opf n(‘d and hdl open hu se\eial hout- 
helore an\ work is thme to the plant The upjX'r (a>ver of the 
sendiher should then he lemoxed and the (aikt tak('n out throuah 
the up])ei sid(‘ door m the xiuhix*!' Thisekanitej shoidd lake 
jilaec dtirine tlu' dastime* so that no tin* m liaht iiceil he hromaht 
into tlu' LUIS pi. nit Iioum* w Idle it is<^.miLon '{’he w mdow - of t he 
h(ms(‘ slioiild hi' open duriiiL tlu- ]uoee-' ot i le nmej; so i h d t here 
is jih'iitvol xeiitilation It is ad\ isahle that I heie should alw .i \ s 
he tw’o iiu'ii pH'-('nl durmy the oper.itum of ele-iinnu. in e.ise one 
of t lu-m '•lumld heONel'eome h\ I he pl'e-'eiiee ' >1 LMs \\ h('n r('plae 
ili’j the «looi'' on tlu* s< ruhlx'l .dl« l liaMIlL leiU'Wed the coke ('.ir(' 
must lx* taken to see that 1 he joints are suund and t iiiht as alre.id\ 
desci ihed 

S l*ij>infj ini<{ d'uv Jlnr - Thes(* should he lo(»ked to and el(*aiu‘d 
alxuit once <1 mont h 1 mpurit u-s w ill set tie in an\ po< t et- or w Iu'K* 
till* course (d tlu* e.i- is not dii(‘et Jdu' Ihi.s K-aMtii all h^'nt jupi's 
should he a\(dded as fai a- possihli' and when ptes» nt slumld lx- 
examined from tinu to tinu* Tlie moist me w Idu h eoiidenses in 
the Las h(*\ ;md m the pipi'le.idmL trmn it to ’lu'enenu* sh>.uld Ix' 
empt led out d.iii \ , (»t herw i-e it will t in I o t he '‘inj me and ini mi ere 
with its workiiuj A (li.nii eoek should he pro\id<'d. as at \ , fo'' 
tlu* piiipose o! drawine oil tins moi-tine 

h. y <> ihi tP/s rn^^liirt r. - d'he oa*- ( oek on t lu* eiiLiiu* should 

lx* shut .ind the waste eoek d opened so as to allow the r<*niainin^ 
Las to I'seajx* ddu* tap,- (' aiul <1 and the e<x-k II must then Ix^ 
closed and the asii door opened a few inches so ast<» allow tlu* tin* 
t(' eontiiiue htirniiiL 

Kl. To S(o)i Ifo . 1 /)/x// 7 ////s- n(f((n{ ajin'o Ti nf porary >>lo}t}i(i(i<\-— 
Tlu* tire and asli doors slumld he o]X‘n(‘d to ek'an tlu* tin*, any 
eiiuh'T's or elink(*r .should he n*inove(l without distiirhiny the (i^f* 
as far as this is jiossihle the d(X>rs should then lx* elos(*d, the eix k 
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B ()]){*nc(l, mul fan imiil iIh^ lira* i'. aiiain iu ^ood con- 

flilion. Ant tiicn he. ad<l«‘d until a jiiood (jualily of ^ms 

is ohlaiiK'd wlirn the (aiuino ina\ bo Nt,\it(^d n]> to wotdi WIk'm 
th(' ,sto]>])a^(' is only toinpoi^na . the s.-i'iibln'r and iras l>o\ will 
jirohaltlv ln' full of !j:(>oil w hon ii t dv»‘-. phn-c, and it tl'.oro, 
fon* ladlin' to 1('-t th(' frc^li ^>a-' niad'‘ at i«'^lartin<i bv tiK'ans of 
a t("-1 ('ock pku'cd <it Z r.nlio! thm 1o :<‘s1 it at {). Wla-n dood 
LMS is (it)tailH' 1 at Z t lio I <)»‘k d 0.01 i»- .dnsisl .Old tliO LI (iicn soul 
tliotiiLlii llio sotubli<M' and lms I»u\ to l!i(‘ i UL’inc !>\ 1 ollo,\ini 2 
t his plan i hr o( Hid n'la iiinnu in t hr s<‘i uhbrr .ind h.i\ w hrii 
lh(' plant \va'< stoppi 1 will In utili/rd insttad of hciHL' hlow n 
awa\ to W'astl' <IS I'M'iht oliiM'v\i-<' li.ivr bt-rn I hr <MM* 

('aillxiu ddw irmililion of tlio ^nppl\ ol W.ltrr t(» l hr <’okr 
srruhla r is iinpoit ml I! thr’-iii)pl\ hr too sui.dl ''Irani will hr 
fonnrd in thr siiuhlar I ’nr r i' aiMiaa hrpmprilx rh-annh and 
I hr '|ualit\ of t h'' LM- w ill d<'" 1 1 n..i- It I h-* - apply hr loo ui< it 
lh(‘\\.d(U s(m 1 ol Ihr-j.i- pip' mi' !'r I'f. drop .oid l hr rnuiia' u il! 
not hi ahir 1 o ' in k I hr <m . i hi o ’ da i !,•* p; " 1 -irrf d'hr ro.d -hoiild 
lint h< too kii'L'' oi ot nnr-j u.i ' '!/r .•! I hr all' -p ir>' ix I w ooii t hr 
various j will ho 1 1 <( » <j 1 r 1 1 I h*' n 1 1 1 1 i_L prill' 1 plo I n i h 1 ' is 
to ha \ r .1 mass of furl in 1 !ir piodurm w hu ii is ,is homooimroU' a-' 
])ossihk' willioilt hi ili‘_ Solid Whirr rokr is list'd .is t hr illrl a 
sawdust SI 1 ilhbn js loouiird hrlwrou t hr i oUr srrabhrr .'ill'l I hr 
gas ho\, \\ hi 11 a ijn- pi tin h.t- hi-' n Oo luiit d loi antin'. n itr othi i 
inodili-' d lolls i!',i' hr nn cssary il it i- dmdr’l t-' rhan^r fiotn 
tint iir.ir.tr coal to r >kc. 


KXAWIM.RS 

TPlir follow inc; im-a-un hm nt- wtvr iiirdt during a tost of a jias 
rnciiM- u mr po)dii' . r ja- : \ <*hini( of oas u od pi i Iran 1 IdU i,n. It. 
yaJonlH xalu. o. 0 . 1 . IMI ( ' 1 1 f p. i .-n, ft (tlllh 2't J Wdi-r 

fluwiiiL' Ihroiioh j.ukii.s "H -dli.m p«r hour iti-'- m t rmpor.il no 
of jai krt w.lti ! - tin t'. (’.’louktTi 

(i) till- iinmlur of I' II f ...pplnd o> ilu- ciLni- »--r hour. 

( II j t lir nuiiil)! r ot r f I 1 I u: u' ■» into u^ol id w irk p r liour 

(ill) t ho iiumiior ot T IT LT .ih.. u-hcd hy tho j.i< Krt watoi pri 
hour. 

TTow Tunrli hrat pi-r Imur is unn-muntod for. .md what lias lirroim 

of 11 V 

2 , A real has Ihr follow iim anah -is i-aibon SS poi ront . ludiMi^rn 
4 per end , owi^on 2-1 porroiU.. sulphur I prr rrnt.. liir om.aindrr 
bring ash. ('akukilt- tho oa.lontio salui'i.rr lb. and thr tlir<ntiral 
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q\j:intity «'f t\\r n'quircd for its (*nji>])lotc combustion. Stall' Iiow yon 
would asci rUiiii tlic quiuitil ^ of air actu.dly stijiplii'il. (( 'al. va’ucs, 
C SjliO; II 21), KM); S 2.240.) 

(lb of 11)12.) 

II. On a trial of a ^as ])roduccr and engine tlu- following pii.rl iculurs 
wt'iv noted . 

Duration of trial, 2t lioiir.s. 

'J'otiil co.d used, 2 4 tons. 

Oalonlic Aaluc of i o,d. I I otM) IDI’liU.'s per lb. 

1.11.1*. of I'nginc, 2.‘)1)\. 

.bickct -cooling water iisi d per hour, l.S.“) lb, 

'reiiijierat lire of jaclsi 1 eiKtliiie' u atei inlet tiO ' 1'. 

out let 110 F. 

If till Ilierina.l t'Hieu'iH'v of the jiroduiei i'> SO per cent., and assum- 
ing no ln^^ betNieen producer a.nd eiiiiine, e^lincite the theimal e(‘li- 
cit*iic_\ ol till I'ligine and the jierceiitages of lota.l heat of combu'^tion 
lost- 

(i) in the j.icket-coohng water, 

(ii) in till exhaust gase.-. b\ r.uli.ition, etc. 

4 Siijijin^e that for 1 2 11) of mal we get I D.ll.r. hour Irom a gas 
engine using Dow^on g.o.. M’hi- w oi'k-^ a rev ei>ed heal engine, the 
nil chaiiical eftieieiiev of the engine In mj <S.‘> pi r cut. (’a’eu’ale the 
heat nnil^ added to the air per lb. o| eoal }>er houi and eonipa e it 
with direct heating. \\ I at k t he rat lo of t he amount'-- ot an that lan 
he heated over the .same lem|)eiatui(' raica' ))\ the two piocisses. 
The calojihe power of the coal i.-. S,200 t'.li.l'. per lb. 



CHAITER VII 

Blast-Furnace and Coke-Oven Gases 

TTiiiTiviAi. CLK^^:lN<. 'riir -I’-rji iza'i his o[ 'i mk S run rs 

r<t\vi,u. 

126. The Production of Waste Power from Blast-Furnace 
and Coke-Oven Gases. Tiic phiii u\ ii-inn ami 

CH)la‘-oA (Ml ja^c- in t is jhiw' larij^clv 

i'olln'wc I ; ami 1 lie ('.\((Mil towlmhilmax he put into foj-ciM'n 
any cnunliA <i(‘j»(MnK chictly upon that fonnliy^ nut put nf 
jiiu; iron. Tix' follow iitL!; timin's sl'ow iIh output in piif-ii'on 
ill nu'lt ic tons foj* i!h' ilncu count lu^^ < lii(‘ll\ coiurrm'd - - 


mi 1 


TLS. . .... L»:k(;uu,ono 

(oaiiitUiy . .... ir»,Mu(i.oun 

(liciil 111']!, nil .... 9,7(U).nOO 


Tlio pis that j^suos from blast furnaces is ricli in carbon- 
monoxide ami poor in hydrogen, and has a calorihc power of 
about 90 li.'Th.lh* per eu. ft. : wheri'a;' the pis from coke 
ovens is extriMiiely rich in liydrop^i and mas liavi^ a calorific 
value as liiuh as hOO IkTli.T'^.f p(W cu. ft. The former is the 
easier to deal with as it is produced at a steadier rate, whilst 
with the Miiall quantity of hydrop'u which it' contains, pre- 
ignitions are unlikely. ( onseijueiitl} it is safe to raise the 

* r»0 p()ijn(l-(‘al(>nr.s. 
f About 1!SU |)(>im(t-(‘<ilorios. 
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coiiiprossioii to a fimcli point (iso lb. per jscj. inch or 

more) Ifjaii otherwise be Nafi*. and tlu' ('n^ine i.s therein 

rendei'ed (d inulu^r thermal ('rti(‘i('nr\ . lh)th ^ases n‘qniie 
cleanini]!: in ordir to rtanove tlu' dii'^t 
127. Blast-Furnace Gases.- Tlie idra ni bnrnin.i: l)lasl- 
fiirnaee ,<zas{‘s dirrrtl\ in iras oneine^ in, stead of nnd(M’ s.teain 
boiho's. as jiad })0‘\ Kunl y Ixam dome w as lirst jnil into practice 
about lht‘ year IStM nearlv -mniltama)ns]A intbi'at Ibitain, 
(Jei’inany and ltclLU<on. 'The pi(>neci‘>. prt'ininent amoiiij; 
wlumi was the la!(' Mr. lb II. d'liwaiic. (e\p<'rinicnted with 
small mi;^jm‘s and a.s sati-ta(tor\ I'CMilts weie o]>{ained, it 
A\as s(M)n defin'd to increase tlie scah' of operation. In tier- 
manv yreat [iroio'i's' ha^' now been made and r('(entl_\ a nnmlKn’ 
of lai'i!!' plants ]nn(' Ikhmi pnt in m thm tonnti\ and m tlu^ 

r.s.A. 

The calculation a-^ to the powei a\ailal)lc in tlii^ way in 
( b'cat r.ritain nia) b< m.ale m the lobow niu im.oiik i 'The 
pic-iron output lor lt»!l lioi exampK i w a^'. in lound licmf^, 

1(1 ooM.ooo t('im. 


atid it i^" ^v^'11 c>tabli,-hcd that the ordeal from blad 

furnace's in (ireat Ibitain a-- w< !i -is on the ( <»nt!nent and in 
AuK'riea are' < apablc w hen usi d m cite rn.d combn"! a ai cn-jiiics 

(,t \ ieldimr ai»ont 27 H.P. per ton of pi.^'dron per day (i 1 h' ii-juivs 

<>'i\('n b\ \ai’!oiis (jiLiime r- are as foiloW'': ('I'Miai. I'O , 

I’lwaii l)oiii\iii. I’s ; Ma\ Kottei. d liojiip on. I'O , 

do to d»a). It follows that the whoh- output Would l)c absail 


10.000 (too 
dbd 


7d0.0C0 H.P., 


of whicb at jirescnt tin yreater |i iit i- eoine to waste. 

'Idle corrc-pondiiic H V bu lla la.dooooo tons of output 
in (a'lniaiiy would be l.iooooo 11. lb, wlii<li acrccs cemrc'IlN 
witli Dr. llolTniann s estimate ed l,ooo.ooo ll.Jb 

It, is eeuilide'iit l\' calculated that in tiios(' coimliie's wlie-iv 
this (h'velojinu'nt is in ))re»cre‘'- a savin, i; e)l s(‘\eral sbillinys 
]HT fon will be made in tlu' eoM of produeinn non. S('Vi'rai 
(a'lnian linns, nolaltiy, have' abvael\ found ve'ry favonrabh' 
(inaneial it'snlts te* accrue. 



(’ifYi*. vu] liLAvS'r-FL’ilN Adv K'n!.,* (lASl^S 


I’oT 


Profc'SM)!' H. Hubrit remarks * thal in Jk'Iiiiiiin tlie liommr 
of first ill Hk' field lielono-. to i\l(‘>,srs liaiJIy and Kraft, 

of tli(‘ f oekiaiil ( o. Tlie ])aten1 talom out fiy the ( ompany 
fo!‘ this new application \\a> dafrd Ma\ lo, and tia' 

first tjials wei'e in.ide at t lit' tmd of that vair. ddioy w('rr 
niaiK witli a Simplf'X enuine of S H Ih, in which the cfeaiaiua' 
spac'i' had hetai j'eiliiecd m oith'i to in<-rea^e the eonpiri'ssion 
<nid to fa('ilitat(' t h(‘ li: nit ion (tf the mi\t nri* 'The cas eh 'an in c 
wa> impci'h'ct. and wa- eari'ied out ^lmpl^ f>\ pa'^-nm it thmnjjh 
two scnihlu'is I'ou!' mcti't'x iiuih ddu' eimine is >tated to 
hav(' de]>la\ed pi'rfei f eiastaity. and adapted iNeff lo ijic 
variations of composit loii, pre^sUK' and teniperal me of tlie 

iJtasi's. 


The follow ine inlt'restinjj 

laf.le 

is laktii toun Ihoh 

'-sor 

llidK'rt’- papi'i - 



. t,, . 

I.M- 


1 ‘ i ; t 

iJ ‘ '1 j 

>ii 

1 IljrU' 

!•. 1, 

'ii'.','.' ' 

h M \ 



i” 

’ i • III 

S ll.P eiiL’III'', 

is'M, 

:a; 4 t.n:io 1 

> i 1 

L'Un 11 1’ cMeiiic 1 nn/i< < \ iind' i . 

-ill::!' .(i 1 KiLe i eii-si int .el 

Mil '-S 1)1 1 

Isa^ 

•j!;in Is! 'J7.. 

a 

ann 1 i i niLiiiM f a- a) >< a ; 

I'KMI 

s2 ) s eOMi .“.!*( i 

L' 

‘Jna II 1*. , ii;Miie (.e ah(>\ * . < 

l>ir \ ,ii i.ililr ‘ 

|a »1 

L'tM nil,! •. 

2'1 ' ' 

1 1 (>( 1 1 1 1 ' ( I iLMMe 1 d( Ulhlf -.e-l Ihi: 

l.i.iilein, \ u'l li'le ;i' hnj—i"ii . 

|<»(h. 

1,::.:- i/.sj lmju 

j:i s 


128. Coke Oven Gases. ( oheoNen eases <>re nmeh riehm' 
in hydroerii tfian hlast-fnrn i#(‘ ease-, and tlay art' tht'rdore 
nuieh moi'e liahh* to jne-ieint ions '!’<» a\oal thi- tfanycr, flu* 
eonipi't'ssion is not taken so liiefi, alllioiiefi this prt'caution 
nnfort iinaf ely has also tluM*fl'eet of itaidine to J'ednee ('flieieiK y. 
On tlu‘ other hand their Iht'rnial \alne js kir fiiirher, oft“n 
more than livt' tin.t's a- hieh. d’o illustrate this, the follow my 
fx’pieal iigures are givt'ii : — 


♦ Iren and Stte' Jnstil nte, 



2(8 TllE INPElfNAL (’( )Mni'STr()M ENGINE [(miap. vii 


iEF. gas. 2-11 per of •''(>, <»2 per cent, of N. ; 1] per 

{‘cnl. of 11 .,; ('aF)ritir valiu' S() Vy.'YU V* p(‘T cn. ft. 
(A ()v(‘Ji gas: aO per c(*i]t. i^f Ifo: p(‘r cen 1 . of GH4 ; 

Galorilic valu(^ a{;n U.'rh \' r\ p(‘r cn ft. 

To cal{‘nlat(' t!u‘ pns>il>l(' output olit.iinaljle from coke- 
OY(‘n gas(‘s in this country is not ditiiciilt . d’aking the, liM)(> 
output of pig iion as lO.tWMPOOO tons, tin* consumption of hard 
cok(‘ ma} )»(' put as al)out. tons, d'o produ(‘(‘ 

this (juantity of coke ai»oui l.'/iuxciHMi tons of coal ^w»uld he 
r(ajuired, whidi (Ui colsiiui would give olf about one tilth of its 
wa'ight in t1u' form of gas, corresponding to about r>on.o(i(),0(K) 
cubic feet of gas ])er da\. Assuming that a ((uatt(‘r ot this 
is available as a sin phis for usi* in gas (mgiiH's. and that 
it is of the theinial NaliU' of .^oo E'rii T ;J per eu. ft., the 
corresponding th(‘rnial eiu rg\ m (Msil\ ealeulatiak 11 the gas 
engines UH‘d have a tluamal (dbea nf\ ol 2>n ja i' c('n1 . the 
following ll.E. would be iwaild.lc* 

] ' aiMt.otin non ' tn:to :iot;. 01)11 }|.P. 

21 t;o ;;;;.ooo 

or in round tigiircs 300.000 H.P. 1'lns ix an (' tinialo for the 
English output. I)r. lloilmann has (xtim,ited tlu' German 
out[)ut as from a.'io.ooo to (><)(). i)(io II 1*. Not a little (‘n1(U’- 
piis(‘ has lieeii shown in (icrman\ in harmssing this soure(^ 
of pow'(T, and action is )>eiiig tahcui in this coiintiw to the 
same end. 

The proportion of one (piarhr, ns<’d in tho above ealeiila- 
lion § as to t]u‘ fraet ion of tlu^gas availakk' f(tr tlu' ]>rodne(ion 
of Giis smplus ])(>w'(T. depends npon elumiieal problems, but 
it lias recently beim found tliat by rai'-ing the t( injieratun' 
of the air entering Hk* ovens to l.tXH) or l.KK)'' G. by means 
of regenerators, only 45 to 55 ' p(‘r cent, of the total (plant ity 
of gas (‘volved fnun the fuel js laapiired for the work of heat- 

* About 50 poiiiifl'catfrics. 

t About j)'tim(l-r,ilori(‘B. 

t Aboiit "tSO trs. 

^ ]M. Lf'ou (iniiur inves ilif fn]l*)\ving a.p]»roxiinato. rules for the 
ainount of sur[)iiis ))rj\\( r a\ail.il)l*- for us(‘ fu) wUii [)last funiacf's, 
the roiitiimoTe-lv a\;ulal»l(' Il.le is <H|ua,l to tho iiumlnT of tons of iron 
made yxT mentli ; {}>) vilh In -product rreo\<'rv ovms, the <*oiilumo\isly 
available JdJ’ is ofjual to tiie iiuni))er of tops f>!f coke nuid*- por week. 
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20 !) 

Jii_U tfi(‘ ov'i'iis. so iliat pi’iU't ir;*{i y luiH ilic would in tiuit 
case !)(‘ a\'aila)tl(‘ lor the prodia l ion of [rower in ^as eniiiiu's. 
This i(l('a ha> Ix'en worked onl 1)\ Ah’ Kojrper'', and at the 
Anna ('oilier^ ol tin* |',vrliw nlei' Alinirji; ( ‘o , nea]' Ai\-la- 
r)ia|)(‘il(\ tla're are !“('|io{1('d to he six hatferii'" of Kopjifa's 
J'(\e(‘neia ( Ol’ o\t‘ns, witli a ])(‘W('r >t.dion de^il^;lled foj‘ th(^ 
pj’od net ion ol MljMMi ji l‘, from tjte ,-ni j>liis jja,'- 

It is on i‘e(‘oi<M' that at IIk' Walli Alain (dlliei’W Walli- 
ii|)on- 1)« a rne lo >( herh-tni an ni^lailation of 1 1 iie.-'Scm'r 
[rateni h\-p!(idii<-( eokonxm- Mre^'-d h^ (he^'oai I h^i illation 
(\) of A]iddl(’>lMonL:h repiovm! inn iIk A<’tun t a'sclUi'halt 
flier Kolilendol ilia ) Ion ]ia^ hrcn piii in 'J li<‘ plant iik to 
])]’odii(‘i‘ MM) (oiiv ol hlaM hiniaeo titki pta w(‘ek, and tiieri' 
h» hr a\ai!ali!e '-nf!i*‘ieni '-nijilii- na^^ and wasti' 

]k\i( to pi'odnee .‘Inn !1 I* ttj <j<eliicit_\ Itoin th(‘ .‘lO oviais, 
ill advhlain to inrelhiu th<- r'-ii nioaiuaiN loi’ jxooa for eoal 
{j'l'iinlniL’ ekwaltnn .ind hy-protlurt plant-'. Tliia’c' an* othei- 
iii^tarii'o^ ol 'iinilar rnteipiiM w her’i hy lAinh"}! linns, on 
diseai’dnnj t la .-Id “ bfcllive < \ pe <■!' o\( n. jane hcnai able to 
ohtain lai 'j( (p).. n( M i< ^ ol 'i.i pin,' pow t r OftoatM there ai’e 
othei hy pr'odn' l-' hr'i.''--. p.oarr protiiicirl (nan loko o\(a)'^, 
siieli as ''iilpli.ile of amnionif »oal lai and hiai'/ok 

129. Th(' S|i('It(ai lion WAik' ha\e ane Ktsiafinii i'aiyini" 
W’orkiiii: on coke oveil J^asos. and it has hiaai ioiin.i 'I lluil wla n 
some eoa.l" ate n>ed a ealoiilir A.aha* of oxa'r lion (i'j'h.f'.’j 
[xa' (aj tt n n|a,(m('d. alfhouiih loo mor(‘ eommon. In mr 
eas(‘. how e\ er i" I he .'j n.dil \ (omlaiil duriiiythe w hok* jreriod 
ol eoJ\niLj. It iha):ik\ d((aran^fnan alsrart laO |o r.'jOdmriia 
th(' opra’ation. Tlu aa' pii-'M*' ihrrniiih inhlxa where tlx* 
arnmojiumi siilphata .and other l)\ prodia (s are eoileeted and 
most of the tar remoNed, ^I’lie lm,' tlaai is dividcfi into two 
almost eijiial p.art-. onr hall itoim- to he, it tin* -oke o\( ns. .and 
the ri'st I o t !k‘ j rrod ni't ion ol p('wer. As i he mis rrailain' mneh 
hydro, m*n. na [rhlhalene. and otiu'r hiiihly inllainmahh* hodii's. 
if is liahli' I > pi’e-iLitiil ion^ and the e< mpies-ion is ke]>t down 
(o 100 Ih pea s(j. inch, inste.ad of t he I lo |h. per s({. itieh. W hieh 

* ^ /a.s , April IT. ItinT. 

'! Liitini/ ( I iH(i. I''tl*ruar\ IT), I'.MlT. 

.j Alxiui .‘j:!n pJtuiMi-calojirs. 
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would f.dluM'w l)(‘ (•u^tuInal‘y. iiknui \^orK^^ out 

Jit jiIhjuI T-"* 10. ]icr ^<{ itu'li, (0i Ji new ^JU■ic*ty (»f fu(‘l 

till' results were nOtjiiiK'd : 'I’luMinjil vj^lui' of gas 

IIXI lA'rii r.* ]K‘i ('U. f1 .. ('iigine.'^ d('\rlo|ie<l 1 1 1 . I\ ]iei‘ hour per 


22 eu ft id full l(»iu],oi‘ a tlu'ruud ('flieioney of 


l,<)S0,t)00 

:tsi~r77s 


(>•110. 'The analysis oi tlu' gas was — 


to, 

( hi'liiK'-. ole. 

( » , 

Mel liaue 
II, 

X, 


.‘t or) p(‘i' eent 

r. !s . 

1 :>!) 

0-S2 .. 

VI :‘>H ,, 

:Mf» ,, ,, 


Aeeordinii to --miih' tiLOiie> in 1 h( F.iKjHK ( r of 22 in''tali;dions 
in (hiiuan\' with a lotjil oulpnl oi llionti 11 P troin eninnes 
w'oi'kiiiLi on rol\e-o\ c'U eca". no h 1 h<an eleven, or h;dl of t hein, 
do not lind it nere>'.ai‘\ to elcvin the g;i^. t)j)(‘ ol tluan was 

stated to ])v n^l’lg ga- with tt 2 per t (‘Ut of ‘^ulphur without 
injinions eiha't on tin- iron 

130. Cleaning the Gas. H ha.'> luaai liumd tlud Hk^ most 

effet-liM' way oi eleaning the g<as is h\ the jwiion of a water 

led fan Ida' gU" passes (hrougli a eent rii eg.al faTi which 
eaus(‘'' tia* li('a\y pjirtieles of dnd 1o jl\ outwjirds, and id the 

same time wjdia is led into the tan and hiaTeti up hy the 

s<‘nn(‘ cent I'lfiigal action 'I'hi^ widen* ead'hes up the dust 
p.'rtj<‘!(‘s and parses with Ihian toa'-uinp Perha)»s the best 
knoAvn ga< chainei' of this ty}»e is tlu‘ TheiMUi IMtent Cen- 
trifugal ( 'ential-ilow ( Ja> W ii'-iiej*. made by Mi'ssrs. ita'h.ard- 
son>, garth iK:, Co. It is illustrateal in l‘'igs. I'd and ti2. 

T1k‘ The i.M*n machine^ ai'e specially <ada])ted ior chaining gas, 
and partii uhiily blast-fm*niu‘(‘ gas, for u.-e in gas (mgines jind 
where a high di'grei* of purity is lepuireei. W'lu'n very hot 
and dirt\' gas has to lx* treati'd. it i"> consideied Jid\’is{d)h' 
to instid a pi'e]iminar\ .>;durator before* the* washer, where' 
the gas may be* cooh*el and th(' heavie*!* elust re'nmved. In 
this way not onl} is tlu* volume of gas to be e leaned r('duc(*d, 
* 212 pound ca.loricR. 




l)lll 1^ III l:i(' iImIi .i!!«I 

(|iiciill\ 1( I h- , itt'fi 'rii<’ hi.-iKi ••l.iiin tfial tln^ 

powrr takni ip driM' t Lp clpain-r lidC', n-a (‘xrcrd 2 jua' (Piit. 
ol till' in.iMiimi!) win. h ('•■ilu !m “i. .{<•.! in o;l^ 

pn,<iuir^« t? niii I |.p LM- ( [( aia-d 'Hin (jt. iiilii x oj w at cr ix'fj iiiivd 
)»y tlj<‘ 'riii'i'-i 11 

appaiaiii'’ xaii.'-- 

w il li tin- lianncia- 

tiii’r ni’ llip Lia.- / 

and t nr ainoniii ni ^ , t , ^ 


dii-t tlaariii 
in addition 
llir drLii'rp 


and diitv iia> 




- H- . P 

it: ' ~ - I- 


n > ■ ■ 


pons 1 iiat a> ninrh o\'<^er( 

as 1 ]itr(‘ of watrj' j.’n, »i2 - Th.'pr,. c.p \\'.,a.rr -Ki,.l i;K\;a!..n. 
is napnird piw 

rnliie nudrr (or I .n<M» litir,-; of ^a^ rli'aiH'd. Iml usually half this 
quantity ’will siilh.a' 01 (ouiM*lh(‘ wati'r ran hr us(‘daaain 
and again, if (hr dust In* allow rd 1 o -rtt t(‘ out of it Thr inakfus 
have puhlishrd th(‘ tollowang laMr show Jiig results of trials . ^ 
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Tho aiiHumt of dio t in tlit‘ can Fc nicasiircd viay easily. 
It is onl\' nec<*s^ai*\ to ])a>.> llic i^a.s ilnoii^h a (ihci coiwisl in^j; 
of a tnlu‘ tilled Mith aiesorhciit motion. 'The ejuatilily 

of LCis ])a.''>»‘(l lnca'^urc(l in a nH‘tc]\ and the cntlon is \\(M!j:li(‘d 
])('for(‘ and aft(-i’. Tlic jncihod is •^tahd to aceanalc 

i‘(‘snl(s if t}i(' cotton is evenly |)ael\(‘d alon^i' the tnhc aisl is not 
h\ inoscopK*. In anv cas(‘ the c(i1 Ion sjionld ix- <l!i»‘d Ix'ioi'c 
and al1(‘f in a desiee.ilor, and wcjuIkmI fi‘oni linu^ to tune to 
wlicthcf any moisture is held in it 
In \ni(‘riea.* |u‘enliai ditti'-nlties an- e-\ jx-neneed, owing to 
tlu' eh<>i*aet('r of the ote^ used 'ria- M<‘s.di oie^ in- slate-d to 
he- ('>)»eelall^ t roulih-soime ov\ iiiii te* t lien friahh- nat lire Willi 
(‘\er\ distniLane-e in I Ik- fuinaee ijri-at (ju.intiln*s of dust are 
<'Vol\(‘d winch olteii p.'os till' enlin* deanini: plant unIo>s 
unusual prea-a lit u Ml - a r<‘ takmi I’he suspe-nded mat te-r consists 
lai-gi'ly of on- elu'^l to'jcthcr with sona- -idde/Kina! matteu' 
e-ari'K-d ovi'i trom the- otla-r eoiist it lu-nts of tla- tuinaf*- ehai^e. 
At B('^s<*mer ho\\e\<r <1 dc.inmi.' ]>lant has heen put down 
w hich h<»s (-!('! ned t la- j:<is a< low <t^O I ei'ain ]M'r cuhje loot , 
whieh is eon-idci a h! \ eu-am-r ihoi the sui onnuimLi a;r m 
that p<ii‘tiMilar locahtw In practice-. how('\ci' the eni^incs 
work ipiite- well with n-n tmu-s thi" amount of 'iust 

131. Utilization of Suiplns Power. utih/atio' t t la- 

power d(-i‘i\ahic from tlie waste gase-s of hlasi fmnace-s aid 
coke* o\('ns Is a pidhie-m in it self 'I’h'* -olut ion oi : his piethu le. 
must depend upon the* exte-nt t<‘ whieh local denuoid tor 
]iowe-i‘ exists (U e an he-ere'atcd ft isonl\ ne*( esv;n-\ to think 
of sueh e-le-ct ro-ni' talliu'gie'al pi'ocev^t s as the nianuiac-t uj-e* 
of aluminium to bring to minel the* pos>d)iiit\ of i1k e ieation 
e)t huge di-mands ft»r emrt'nt unelei iaveanahk. rondilioiis 
in re‘spe*et of loael faele'r V'e>r the* transmission of such 
peiW'CT* fell' any elistaiiee* l(*ss than hall a <lo/e‘n miles, it we>ukl 
})i*ohah]y he most ee'onomieaJ to use pipe* lines to coiivey 
tlic gases. Init for longe-r elistane-es e‘le‘e‘1 rie-al transniiss i^n 
wamlel he^ the* oliNioiis me-lliexl to a«h*|>t Xnotla-r industry 
that miglit lx* se'i ve*d is the mamiiaetme* of calcium Carbide. 
( dj'hiele* is not now he-ing inamifae-t lin'd in hulk in t his e-oimtrv . 
owing to the* laek of cheap powe’r. /Jiroad. eiigine< js have 
♦ 1 uH ' .lulv 17 ntuT, 
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the ailvanlairo of exiraorditairy cIkm}) A\at(T ])o\\er- as low, 
accordiiii.', to Profi s-^or S R. 1 lio]r.]ison, as ]uut of a ])eiiiiy 
piT ll.R.-lioiir and it i> (■l(‘a]' llHM'idoiv llud iiiilt‘'>s some 
V('rv cluNij) >om‘u* of jtowrr is rcmKacd availahle luae also it 
will not l)(' |»o'sil<ie toi ihi'- ('onntn to j»rodu(e its own 
t‘arl)id(*. (*a!( iiim (■aihiil(‘. in it'^ h>rni. !>■> used ioi 

lh(‘ ]>rodia1ion <4 atiaNl' iio lor liylitinti ])Ui‘|)Oses. Imt a 
1(_‘S^ pure and rlioaiai' Liiid <‘an Im‘ U''(‘d ni the pK‘[)aj'atioii of 
chemical manure, winch the dmnand is on an alto^iid I kt 
larcur >calc. 

Lim<' and cokr when iieat«al lotietlier to a 1ein))taat un‘ <»f 
2,00<t- C. |>roduce eah iiim carhide. cond)inlng in 
accordance with the lolh-wiiii: i hcmir.d forinnla- 

CaO :iC -- < a<', -r t'O. 

This reaction is carried (Uit in an electric' furnac'c* worhed 
eithc'r l)\ diriM t cu' alt t rnatini: cimcait. <dthengli a^ the- latter 
allows oi a hiiihc*]’ ^olt<mc t lan-nu'^-'ioi, cOid 'simple tran.^- 
foj'ination. it is n^uallt prehaied It is a liiiih teinpi'rat iirc^ 
r(‘action and not an (‘IcHtiolxte ones thus jHa-niil t ine other 
tyjie of ciiricait to lx* iee<l In t h(‘ ahovc ecjiialion 1 h(‘ ( () 
pas,s(‘s awa\ a^- a l>\ -pi oduet . .md earner with it (*nc‘-lhird 
of the c-aiLon loed Thi," ga^ niiehl of eouise Ik- eollc'cted 
and it,'^ thermai saliie UsC'd ^a^ for the hcaitiiig up of the 
chariic ot Innc' and eoLce lor tlse earlic'i pait ot I he grc'ut 
tcanpcraturc' rania* neax^s^ary. 44i<‘ aniomit oi current necahxl 
to ])roduce 1 ton ot cadciuni carhide is ahout " II R.-yc'ar. 
Mr. ihn'trani Rhuint in \\\>. J^uirliral rifo-Clu tnl.sh n reiiiai'ks : 

- ‘ Tlie suiphiN iia^ dL»m ckc* o\ens and hkot lurnaecs) 

can ))(‘ iisc'd with ec'i,noui\ in huge gas caigine^ of .^)00 or I.IMIH 
H Ik, and encagN' thus ohiainc'd ahiutst as clicaply as from a 
water-])0W'er. \^o\ (‘\ample- at an inelusivi' cost oi jier 

H. Ik-hour, wliieh is liy no means unal tainahle. the* jiriee ])er 
H.lk-year is £4 llh., a tigui'e which approaches that of a 
moderately clic'aj) watca* p(>wc‘r. The leal ol)stacl(.‘ to th(‘ 
general ulilizatiori oi suc h powca o not its cost, hut {h(‘ some- 
what rc'strictc'cl maikc't for earhidca C'ausing it to hc‘ rc'adily 
swaimjxal hy any grc'at im-ivasi' oi sujiply ; c'ven with that 
restriction, Iiovvc'Vct, the* manufac-1 uic*r having elic'ap eoke 
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and lime in an itidnslria] centre, uill stand at lea^t as ^^ood a 
chance as his lival with dnjldly chcajaa- ])<n\e]\ bnt a\\a\ fi’(*in 
f^uch sii}){)]ies.*' 

132 . Owinjfc to th(‘ dSioverv that (‘alrinin carbide could 
be used Jti the jiiepai ation tA an (‘Xcolicnt < !Kani('al inafim-(\ 
th(‘ ['Ossibility ha> hern <»ju'ned up of an caHunion> d('niaiul 
for this ])rodii(t. thus afToulnie a suilabh* pinp(»s<' to which 
iarye <j ii.nit itics o^ (•lo( trio pv»w( r < ouhl wall b«- do\ ntcd. Su(‘li 
an enlarLUMnciit ot the cah imu raibid(‘ jiaoKct iniLdd not be 
altou(«ihci‘ W(‘!conu- tn [ux^sent inanufad 1101'- ot trir <arbid(s 
asthcucw ju’oduot. nn( i>cino u-t d iii the jiiodut ( ion ot acct \- 
t(‘n<‘ 0 , 1 ^ for liiihtiiiy iK'cd not 1 m‘ so juirc. -\ hcav\ demand 
for the less juii'c caibid(' iniaht thmetnre h'ad to dilhcullx in 
oblaininy small sujiphc'^ t>t a juner kind, as it would hardly 
be worth while undertakine it. Or e\en li un<leitaia‘n, th<‘ 
cost of suchcarbhh' uTmld actnalK be arcalei withtla^ incrixisi' 
of output than it is now. Jhobably it tlu' l)ulk v-l tfa' oul])ut 
w'crc'of adilTerent fpiahlx it wouMnot b(OV<isii>l(‘(-ommerually 
to j)roduc(' raw carbaJe in so pure* a stat«'. imi ihi^ would not^ 
prevt'ut the im[mrcr ca'bide bene.' puriru'd b\ -^id)s(Mjuent 
trixatnu'iit in such (piantitji's <is l!ie aoet\l(Mi<‘ demand mi^ht 
tu'cessilale. I’]vcn d • heuneal dilhcult le piescii’ I h(‘ms('lves 
in the purilication of t lie cai bide w hen jnade t hetc' 1 - n reason 
to su})|»ose th<d tlu' in^('nnit_\ of claanists will be imahle t< 
circumvent thos(‘ olistaek's as soon as it is n('>'(‘'s;o \ toi‘ them 
lobe d(‘alt with. Picsent-day maiiutai t urm’^ hold lo preven- 
tion beini4 betti'r than cure. an <1 would tar lalhca st e tlsat 
])urer raw matia-iaU ({'ok(‘ and him') wer<‘ iiM-d : bnt it a biy 
ayi'icult ural demand should aiisc, it is not to be expected Hiat 
subs(siiuMit modes of manutaet urt' would Ix' eimtiolled entii'(‘ly 
with a \ii'w to tlu' smaller lyarket ddu' \irtue of ealcium 
carbide irom the a^rienlt iiral point of view Iks in the fact 
that it can be converK'd into calcilin cyaiiaiirde. wlm h I'an be 
direct Ivapiilii'il t land as a lei t ilizi'r. and t hat w Ix'u so ('in plo\ ed 
it is of ,ureat valm' and ('Hicacy. Tlic cyanamidt' <'an be ob- 
tained dir(*cl fi'om th<‘ earbidi' l>y tu-'inij! the latlei' m a stream 
of nitroji(Mi. Or if j)r(t('rrcd. llu' pnxess may b(‘ shortent'd 
by admittimj nitroven to tlu' I'li'ctiic lurn.ice in which the 
lim(' and coke are benm fused. 
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1, A tMiijint' iridicat I'-i <>(> II. 1\ wIk^u pw :i.t tlu- of 800 

cu. ft. |n’r lu'ijr. riu‘ (iilontic of the i>. .{00 (\ll.l . pur 

(*u. ft. ( 1 ' llif> tiiunn.i,! < riiuimux of jIiu oOtziiK'. 

.|{. of K.. 1012.) 

2. TIju follow iTiL'; dal. I ii.ru t.dxni hojn .i iTuonl ol ;i, t(‘st of, a 

oriLMMo power - i \ liiidor di.imoicr 48 ni . vindso - a4 

11., .M I’j r - 7.'‘ ll». pur .oj null. NiiiiiIk'! «tf < \pio-i m- pet nnii - 
:{l). (;,■!- iHod pur Iitm. i't2'> •■n. it. <‘.i>oMti< \:duc oi pMs — 00 

(Ml.r. jtrr ( U. tl r». If J*. - .71a. t'.duidato — 

(i\ 'I’lie I. II r 

(ii) 'I'iu inorh.i.nieaJ otll. lemw o| < n;.*'(ite. 

(ill) \’olniuo oi U'^od p. r I 1 1 . 1'.- hour. 

i\\] \ <ihuiio of ja u^' d p i r* II I' lu»ur. 

(\ 1 ludi'-.iled t h. rm.d oltu i- n. \ 

1 j llr.ik*' 1 hi'rtii d i Hn ieu.-^ . 
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OIL AN") [M;iROL LNGINES 




ruAi'i'Et; vm 

O’] aiul I’ctro! luiffiiu's 

o 

I‘'ri]Ls -- Si.ov ‘Nn lit ()ii, iM'^ Oil'll t I’lrruoi, 

b'Ai im:s iiHi .\\i» An;* i:\i i (.‘akui ui-rrous 

ot .lr;i ( AiM.i IC J'lui:- h M’lioN, 

133. Fuels. 1 tilrriijil fouihii.'t arr of I w : 

(1) (lioM that woi is V, l1li (i.isc-- foi- then cxjiloMNo nicdiuin, 
and (iM iIiom' thai n->n va]>tt!n" n| lupiitl liydion.irlioii^ 
a,s oiU. Ttio for iiici alas^ ha,- Ik-« n dtailt wifli in iIh“ pi’ia-eding 
tdiaplcra '-o iai- a^ t'\ nrvt hum < inctl'.ods of ignition 

I'oiu’OfiK'd a:hl i'jnilion hoiiiii '^lnlllal• in })ol)i cla-'-i*,^ <locs 
not iRH'd to 1 h' d(Mlt M it h in tw •> pai1> i )il aiul p(‘1 rol (‘imita'.s. 
a^ tho,s(‘ in ( la>s(i>) an* LoiH'r.dhx nMiual .\iv of jaMol !oall\ tli(‘ 
sainn d(\'-iijn a- Lia,-- nminc-- -o far as t \lnaK‘i’s. pistons, Yalv(\-, 
ntc., arc cotKa'rinal and the diiha'iaicc hclwiaai tia-in mainly 
r(‘lat(‘.s to the mechanism lo] (hading y it h t lu Iik'Iu.m", Alms 
ciiLone do('s not need an\ cai Imri'l lor, y h<«ea' in tluMwl o. 
petrol en^iiK' it is one of the moA im))oi-tan[ ai'd most sfaisn 
tiN'e paits 

TIk' mam 0 (|mi'ements of lirpiid fiuds for intermit lomlms' 
tioii enLines are that they should 

(J) l>e moderate in *-ost ; 

(2) )5e free from aiiMhin^i which miuht leail to deposit 
inside yvlinders, 

(‘i) (ans(‘ a minimum td ddli- nltv n hen starting Aie enjLme ; 

(4) Not- lead to o])|('ctional)le cAhaiist. 

44ie liiphd finds in common ns(‘ <U'e h«*av\ or medium oils, 
jietrol, al( ohol, an<l certain »oal-tar products. 

'rh(‘ crmlc ])et rolciiiii iMuniim from tlic well is tiealcd at the 
oil reiiiHus in siich a way as to .-eparale the lielit eonstitm nts 
from 1h(‘ heav}. This proccs-. is known as *■ distillation 

'J 1 4 
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The oriide oil is La'aduallx la^aled in ]ar^(‘ hoik'r-like vessids, 
and as Ihe vapoiii-s art* toAt'n off lliey are h'd to a, sej>aiate 
ehand)er and t li(*re ('onth nsed into f actions aceoi’din^ to tli(‘ 
boilin^> [)oirit or density 

TIu* density of tin* oil on leavin^i llu; well is about 0-S to 0-t), 
and the annual out])ut for tlu* whole w orld is about aOJKitiMMiO 
tons, d’his total is v(*ry small w hen roni]»art'd wjtdi th(' output 
of coal (which is more than 2n times <is ui’c.it), and unless 
extensivt* ]U'W sup]»li(‘s of oil art* di^-oM-red it is inelt'ss tt) 
ex])t‘et to rt‘p]act‘ solid by lupiitl tuel. althou<.di tin* hijjher 
ealorilie value ol t ht* latti'r miiLht make tht* chan^ie dt'sirablt*. 
The souret's of t h<‘ suppl\ of pt'ti'olt'um in l'.H2 w ere as iollow s 


Ru^via 

IS 0 

r.s.A 

ti2 

Dutch Indies 

:b7 

Haimania 

2t 

Dalieia . 

2 2 

India 

2 1 

Other eoiintiies 

7-t) 


HMM) 


[f will be set'll that the fiist two countru's (uotluctd so 
per cent, of tht* w holt'. 

lVnn^\han!an pt'lrolt um converts (»f a mixturtv oi h\dio- 
eaiboiis t>f tht' <’,,11. ,, , uroup in whirh a may bt' aiiUliini: 
from 1 ftc <ay. IKt and the boihnif ]ioint 2 ra<biatl\ fi-oiii 

tr’E tor < 'Jl 10 L lor t'lJL, Hrxant' dULi), whirh 

has a iioiliiiLi poitit oi (it) (' andath'iisit) of (r('a;7 prartically 
a lii^ht pt'trol : but tie* heavier petrols ctune nt'arcr to ticiatit' 
(Lallig), wfiich boils at 12a' ('. *uh1 has a (k'H'^ity of «I-71S. 

134. Petrol.- -Ik trol * (calletl “ east>line ‘ in I'.S.A.) is one of 
the iightf'st of the constitut'nts of ])etrt>k'uni put to comnu'j-eial 
use. If bt'ginsto distil at a0‘ ('. : rd SO^'L.to IHi 'L.abtnit r>(b\j 
eomes tiver. and liy the t ime t lu- tem}>t'rat urt* has bt't'ii raist'd to 
150' r. all of it lias lit'cn st'pai'att'd. 'Phis teiuperat iii't^ rangt' 
is HtO dt'grees ( Vntigratle and is eallt'tl the distillat itai rangt'.'' 
I'etrol is an exct'lk-nt fuel for motoi-ears. ha\ing all tht* tlesir- 


* ( ita (»j ils M)ttiiiifjO-]a] namr • i 


>t*ny iMCC 
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al)l<‘ cliaractcriVtif^. In HM)2 11 k‘ f|uaiititv iinportc'd into tlin 
rnitn(l Kiiiirdoui wa^ than (>,<MM>.000 ^alls. ; in IDJIJ it 
\vaf> oA'pr 1 00,001). (H)(> ualls. 

In ilin (‘ally days of niolorinii jK^trol A\a< U'-nally of ahont 
O-OS s|i(‘(‘iii(‘ Ln'nvjly. N(n\, Iioucvit, it is n('an*r 0-74. Tlit^ 
])(‘Ki*([uality of petrol lias a spinitic <j^raviiy of from 0-715 to 
0-7.‘t0 aiui vM'lds ju-r o(‘nt. <»n <list illai ion al 100 ( . and 

1)0 jK‘]‘ ('(-111. at 1 20 r, "riic calorirn' valiK' is ]0,S00 ponnd- 
ealories( 10.500 iri'li T.) p(T H). tin' '‘net" oalorilie 

\alne, as it (lo(‘s not iiicludo tlir latont laad of e(HHU‘nsa1 ion 
of the \\atoi Aap'^ir iiained l>y eoin)»U''ti(*n ) 

As is in<li<-at(‘d i)y the l.irLie dnt illation ran^ae ]»etrol is not 
a siiml(‘ honioiiem-ous pr<»d!iot , Imt its nnnnjf eompo,>.ition 
( o I'l'c ‘s p ( >1 id'^ (airl\ (■lo^('i\ t(‘ tli(* clK'niioal f<)innila t 

135, Paraffin. Eaiaflin ((alic-d “ Kmosdio in 1 .S.A ) is 

the n<'\t romtitucnt to (li^.til (tv(‘r Its distiltdion raniie is 
imich jjivaOT than ilmt o{ petrol. lK-in.a from lot) to 500' 

It is tlaavlore (vtai l('s> of a hoinoLaMK'on- product than is 
petrol, and il is, n'oi'eo\<‘r not po^>sil)l(‘ t(‘ diaw a distinct lin(‘ 
l>('t\\i‘('n t he two, I he one meiuinu into the otluu*. J h(^ s]>c(ulic 
irra\it> of paraffin i- ai>ont o-sl Its calorific \ahu' (lu'l) is 
li\50() poniid-caloiM > (22,500 IJ.Th.r.) pm' ll» Its avaaaiir 
< om pop'll loii c(»rrcsp( aids to t nJT-j tlwiii).; to its le.*' dis- 
tillation ramjo carlnii'at ion i.' mori' diffienlt than v it h p(‘t rol , ami 
it is s(‘ldom ns(-d thcicforc foi enem-s of the motor-ear t\ pe. 
Aftcrthc]»araftin has distilled over th(‘ remainder is se])arat(al 
into luliricarmu oil. iv i Inal oil, vaseliiK* and paratliii wax. 

136. Benzol, ddu- coal-tar ])rodnct which is found to he 
suitahlc- tor hm- in inti-rnal eomliustion minim's is den/ol. 
It is a colonilcss Inpiid haxin.jia <|)C('itie ^o'avit y as Inydi as O SS. 
Tlu* appro>imat(‘ chemical lof-mnla is t Jl«* and its calorilic 
Aalne is ahoiit 11.000 ponnd-( dories ( 1 teSOO H Th T.) ])cr lb. 
Tt Ix'cins K. distil at SO and mkIs distillation at 120^ f'., 
sliOAvine’ that il is a more nearly homop'iK^ons ])rodnct than 
(htluM- ])c1rol oi paraffin Owinu to its hi.uh spc'cihe m'avity if 
has a miK'h lii,Ldicr calorilic vahu' i>er ce//(o/ than jcctioi. Its 
volatility renders it ([iiitc snilahlc for use in molor-cars, and 

* 15 -n/ciie. ' tlu- ( lu'el’ of ) *cu/, ol ; anot her -Ics^ nn 

ytortaiit — roji^l it'iciit is lu uciic t 711^. 
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it caii 1)(‘ willnast any rlianm'^ A\]ialsocvor in piiL^inc 
or rarhuK'tloj’. Sonu' (jiijilita's have ilio «l!-a<lvanl;iya‘ that 
at 0' ('. th('y iVec/o M»]i(l. hu.t tlie })r(^ on of a ])ioport ion 
of lolnrnc in tli(‘ lKai/a»l r{‘n.o\(‘^ thi oillirnlty. 

137. AIcoliol. Ah nhnl a xolatilo and oolonilos liquid of 
voiK'tahlo (ini']!! wini a ( luamcal lorinnhi ol t' .Ud ).* Its sjiccilic 
, gravity is O SO It distil- ooiiijit'ti'l \ Ik'Iwcui. SO ‘ C'. nd 
lOO and the cahn'itio \ahjo !'- 7 o<K) ]n)nnd-oai(iT'ios (I2dt0(l 
l'>.Th,T" )])(a lh. It ]!()\\c\ or hi 1 h' !i.-o‘l fo!‘ 1 iiol in Faiyljind, 
o\Mn,i; to t ho limli ( m>v (‘ rnniont d!it \« 

ha\o lif'Cii ni-o|f lo cia'' an the !i '0 (;1 alooliol in 
intornal onudui'^l mn (uiL’iiu''^ lu'canx' <ii ilu' * hoa]) lato al 
^^lnoh it oan hr ntanufari uomI on a Lii'o'' and hocan.-.t* 

if ]!r(Klno('d hoiv tim oo\int!\ would 1 c oauhaod indopondont 
o'f Mi})]ili(\v ol jiioloi' fih'l i'loin <)VOl^oa^ 

138. Tabular Stateni:nt. li IS i iiiu i iiinU lo ■ iiiniii u )'(' 


the mote 

import ant 

da.ta in 

tli<' f(aan 

of ;i table 


— 


la u' 

.1 1 M. 1 

1 .l(« ' 

( <! .nli< 



S|.. • il|( ' 1 

M A 111,,* 11 

X a 1 . iM. ( 1 

\ al i' 

( al.'iilic 

Slili-.! il'ii 1 

' ' I <t\ as 1 11' • 

,u la (', M 

< 11 1 

!" ' }'• >•“ ‘ 

Oil t 

, ' ! I'!',., lial 
■alt.ai 

v.a.i' III 
t! il. 

|.' lUMit 

Para n 111 , 

dh.i ii-) 

: 1) SI 

iuu :mu 

]2.:i0o 

lni‘jK)0 

IS. 000,000 

J'l'tOil 

i(\ fl, ] 

' u 7:‘. 

an ITiU 

1<».S00 

7 0.000 

!a,000,000 

Al. 'll. 1 . 

iCj Ih; O) 

U so 

Ku ion 

7.o< n> 

ra;,(!0o 

10,000.000 

Paii/ol 

() ss 

so lju 

1 1.000 

!»7.00{) 

1 r).o(!o.o()(i 


(('„ II,;) , 

139. Alcohol and Benzol Compared wi<h Petrol, T\\v 

Fuels Foininitt('o of the Motor I'nion in tlaar IhOT Fepoi't 
d('alt ]ar^(’]y Avitli tln.^ inattor TIk' follow in'j^ (oxtraels are 
given — 

‘‘(1) Siif((y.~- Inihohr-t ]?!a<'e. in cjise of possible eonflagra- 
tion, aleoho] ( an Ih‘ e\tin;j:nisli(a| hy wafer, when as petrol is 
only scattered uiuhT siiuilar ein uniManoc*^, aiul tlu' area of 
* Kuf'un rli( uiirallv .(.s Ftliyl \l<-oliol. 
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(“oiiilai^Talioii iiioreascd In the M-cojaf place, aiulVvcn m(>r(‘ 
iinpDj'taut, tlic: lla^l^ point is considoi-ahjx lii;jihcr, hciiio (>0’ 
(Aiit. coniparcd will] p('1i(»l. AvJiicli may lu‘ taken as anylfiinn 
down lo Itc' (Vnt. Iwdow In'i'zini.'; poiiP 'This (aia)tl(‘s the 
ah'oliol to ])e eani^'d and .-lof'd with '-ah'ty niidta’ conditions 
wluav p(‘trol would not in- pej inif ted d'fiis furl lior very miieh 
reiiiu(‘s thy (‘(>,s( oj {j(M:iht and insiuun<e. 

“ (-) 7 /o /'//e/Z f'lii !('(<• Owiny to le-s air heiim' repuircMi 

and a eonsrpueni reduction m llu' anioont of inei't yas. t lu^ 
t hm'inal (‘dicirn'-A ol ale< -hoi i- ,e Idijli U'- .'.o pin cent . a.s ayainst. 
soinel flint! Itefow I'o j„.f < ( ..i |;, d,,. ,>f pi ti'ol. and this 

yi'eal!\ I'eduies the change'- oi (A <‘rfi(\d iny, I'csidcs also rediie- 
iny the wecjlit of rnoliiuj wa'er. latfiatora et** 

"(-■>) f afinijir Vui.ut - d fa* raloiiia- \alue of al)soln1(' 
alia-iiutli- I 2.00(1 1) 'Th I” , t h.at of met h\ ! ,deoh(t] with a speeifie 
yraVity of (i s2t) is I l ,2oo. ,and alcohol with ll e addituai <,>f 20 
piO cent of wat 'r shows a caioialie Aalii(‘ of D.SJH; whereas 
that of petiol With a sp(Mi{ie gravity of 0-722 ranges from 
20,3110 to iOd'a.o r> d'h U. 

“ (^k> 7k</r/;.‘ ,,'Z Ij mil (•! ('o)H }ii < - Tlie ])raetie/d limit of 

comp'ix'ssion of ale'»]i(;l is ahonl 200 lb. per square inch : and 
its eAplo'ion pre'suie is tluaadoj’C eon-ah ra)>K l Ahi-r than 
that of jietrok tlie practical limit (d eompo'ssion oi ukicli - 
ill view of possible pri'-ignil ion is limiti d ti- j/ci sipian- 

inch. 

“(5) Co)nj)(cfr i'omfm.iion — A\dt]i alcohol eomphde eom- 
tmstiori is more easily attained, owing to the fm-t that it 
distils eoinplittly in its eommeieial foiiu (wer a smail-range 
of tmujicrat lire (so lOO^ Cent), a \ejy ai-enrate decree of 
(-aj-bni’at ion tlitis beiny maintained In th<^ (*a.-(‘ of pcdrol the 
rang(‘ of boiliny point ('xtimds lad ween 30 Cent, and Ihtb' 
Cent. ; smdi a larye rai'pe i.f !»oiboy ]H)ints ri i.ders aec nrato 
(*arburali(*n at all tinu's more (iillienlt, and' makes the spirit 
wdiat is einnmonlv known as owing to the evadioration 
of the byht(‘r fiaCion.s. A]<-oliol has not this (li-ad\ a ntaye, 
the liijcid bi'iny practically liomoy'iM-t'Us tlironyhout. 

“ (tl) Pi'op('({'<iii()}i 01 /'7n//n‘.— ddiej-e is less ra]U(l ])ropayatioii 
of the lianie wlien ak-ohol is used, which gives a much more 
uniform ]n'essnre throughout the stroke tliaii petrok 
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“(7) \Yi1 h Iheie is apjnoximalely no 

offensive smell in the exhaust, as eoinpared with petrol. 

“(8) ./'7r.<v7j//?7;//.~-AkM)]iol will explode when mixed with 
air over a wider range than })etrol- 4-12 pm* eeiit. aleoliol 
vapour in air being eomhu.stihle. the range in tlu' ease of pelr(d 
vapour Ix'ing 2-'> jkt cent. ; thus llu* engine w ill he mueh more 
tfexihle.* 

TIumo are thn^e points. how(‘ver. on whi<'h it is popularly 
suppos(‘d Dial ahM>hol eompan'S unfavourably with ])etrol, 
'.riiese are : 

(9) t '(inosive cffei't 

(10) Starling I rum (‘v)ld 

(11) \'apo!‘i/,at lull 

** (9) (\nn}sir(' Ejjai With H eard to idcuhoh any ( orr(»- 
sive eff(‘( l tluU may CKa iir is ])rob:ibly due to impui it u-s m tlu' 
di'iiaturing agiait pn'scut in arctunr and meth\l :il.'ujioh »>ut 
thc'se diflieulties would be oviaconK* il tlu^ earburation i.s Mich 
as to give comph'te combustion. r])on this point Dr. ^\^ R. 
Ormandy writes to tlie ( ^»mniilt(‘(‘ a,s follows: 

“ ‘ My information with regard to the m-tion of th(‘ ('lllui nt 
gases fixim motors running on aloohol was obtained from the 
engineer at the (o'llirungsversuehsanst.dlt at Rerlin, who 
report' d i fiat engine’s running on ]unv aleohoh or even on pur(‘ 
aleoliol with Dk' (haanan den.alurant, ga^e no appiX’eiable 
eorrosion (xeept on such ])arts of the motors as wx’H’ so cold 
that eondeaisation took place; thus the’ silencer was apt to 
corrode, more so the large’i* the jiereentage' of Wider in the 
aleoiiol employed. As tlie av(‘rage amount of w;iter at presmit 
in (ieriiian indiistrial alcohol is 19 ])er cent.. thi< corrosion 
might bi'come appreciable if the* cooling (»f the e\lind(‘r walls 
was too effertivee ft lias been [iroved. however, that the 
ellieieney of alcohol engines is enormously increase’d by ke’cping 
the cylind(‘r W’alls near the temperature of boiling wadiT, and 
under theiiK) condition’^ no eoiKhaisaiion and no eorrosion 
obtained.’ 

(10) Hiarting from ro/7.*— As for dillieulty in starting from 
cold, it will be probal tie that alcohol as a fu<*l will almost always 
have a great (’r or less (j uant it y of benzol mixed with it, in which 

This is more accurately (‘xplaincd in par. 142, 
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rase tliis (lifheulty entiiely t1isa{)|)ear^. Even without the 
addition of ]>enzol there is little douht that the question of 
staitin<jf from eold will lie almost (‘iitirtdy overcome by the 
use of a suitabk' caiburcdtor. 

‘‘(11) izdtiofL- Ah'ohol requires aj per cent, of its 

total heat of condinstirm 1 m vaporize it, whereas, on the other 
hand, p(‘j I'o] vaj)oriz(N wilhout any (‘xternal assistance. Witli 
it'itaid to the lu'at r(‘(juir(‘d to vapoiaze it. it' is to be noted that, 
inasnuieh as a larue amounr of the heat prndueed jiasses off 
in t li(' ('xliaust, tliis is r<‘ally available for (Ik* ])iu’])ose of 
vaporization and doxs not n'pre-eni any thermal loss. 

Oilur M(mtH {tj I hliz>n(f — From th(‘ previous 

ar^uiiK'nt it will be seen that, in order to utilize alcohol in an 
intmtial combustion ( niiinr. cerlam imulitix-ations in the 
enydnv itsx^lf liecomo maa'.-saiT but it is (piite reasonable to 
(‘\])tct that such alt(‘rations v^ould be unnecessary if the 
propoi’tion ol tar benzol, ac(-t\]x‘iK\ (>r other hvdro(‘arbons 
containin^^ a hi^h pci’ccaitatie of carbon ucre mixeal with the 
alcohol. Owin^ to (his hiuh j>creentagi‘ of carbon prc'scmt, 
the chemical conqiosition ot the mixture* will be brought' more 
m'arly to rescaubk' that id tlu* petrok*nm prodiads. As to 
the most suitabk* relative firoportiojis, t‘X|)eriment • oly will 
determine tJiese, but. such a find as is here suy;restcd lias the 
advaiitay^e of being a home production, as weal as oiu* that 
could be used without material alteration to the tngine. 

* * * * 

‘‘ It has been stated in c‘viden(*e that the average price at 
whi(‘h alcohol can be ]>roduc(al in (Germany amounts to Ux a 
gallon, including tlie cost ol denatuiing and (h)V(*rnment 
su|)ervisi(»n. It is also a laet that in this country the actual 
co.st of manufacturing alcohora.mounts to 11^/. a gallon ((U 
overproof, a strength common iii industiial spirit) see Heiiort 
of DepartuK'iital ( ommittce on Industrial Alcohol, ddiis is 
pj’oduced fj'oin beet, potat- es, and molasses. Evidence has 
been given which tcaids to show that alcohol may also l>e 
produced from sawdust at a very low cost. The lowe st figure 
it is possible to touch in this respect is Ik/, per gallon xvhen peat 
is used. Now', owing to the greait stiictness of the Excise 
authorities in England, the cost of denaturing and exp(‘nses 

Q 
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( ff sii I M TA i-^ii i; I 1 u'lh^ t hr 1 » >1 41 1 <•<)''( <4 t lie ;iI<'oh< >1 up i < > ill xuil 2 
pri' Liullni! .it thr pM'MMit tiiur iind it t h(‘i’(‘f < >ic rAidiMil thill 
sliouM th(' t h)\ rj-nnh'iit m'C t lu'ii' w ii v toliilvCii w idc'r vi(‘\N of the 
(pir^linti of iilcitho] a- .1 fiU'I foi' iutcniiil conihiiMi*)]! onlines 
1hi^ pi'irr of 2 . ii lmMou r'Uiid l)i' V(‘i\ niiilrnallx rrdiKC'd. If 
tiii'^ wi'iC doiH'. th(' [ui(*(' couid (‘ii-.il\ he hrounht to surli a 
liL'iiiv tiial it \vuni<i h(' Ji voi-y M-rioii- ronipctitor witii patrol 
in t 111 - IV- j)r( t alonr. 

" 'TIk' ( io\ rninirnl that will !(‘M);ini'/c thi^. <ind will allow 
Uii!a\('<l alinh**! ui1;d»!\ danatinvd t(* ht u-^rd loi' li'iht, la'id, 
or p(WM'i will hr •onfriiina an nniiM-n-r Ikkmi rind hrnrhlinr 
a V('i'\ laf'jr ( -t I ‘pi a t inn <>( thi pi'pnl.it ion " 

A- rryai !■ tin i'm* < 1 ! bcilzol t hr < ’nmiiiitl' r !vn!iirk 

■ What r .t>innn.nl\ inown , 1 - h*’* pri ( rnt hrn/ol (vn Ix^ 
■d 1 1 )/*'(! With pri fr; 1 ^\u-i r-.- Hi 1 hr rji'jino <'( a mot oi rrtr rit hrr 
ajonr (a no \t d w it h pn la-l or nii\(-d w it h rdrohol Ownirto 
1 h(' lii'jh [i« ' rriit.iL’r (d rarhoii liirh 1-- fouial ill Ik n/ol and to 
1 hr low pi I'ccntiiLir (if riirhon in idrofiol it H rvidiait that ii 
nii.xtnir of thr-r two InpinK mo'/r nrarl\ iipjuoarht'^ the 
nrdmai \ h\dioraihon Inpiid furl- low hirli wr air ;n'ru--toin(‘d 
in it,-- I iiriniral rianjKi'^il inn la n/nl will Ciirhuratc' iiir in the* 
oi’dniaiv' w<(\ when <in ordinaiA prtrol < iii’hnix't (or is used, 
hut it-^prri!i( <:ra\ ity j- \ ‘‘!w nmrh liiulirr than 1 hat of pidiol. 
\ 17 (' wli'rii in.iv h' l r---i1 at(‘ iiii adju-lnirnt of llie tloid 
to p!'(\', nt (hr iKai/ol ^1alail!''_'• too low in the ]v\ of th(‘ car- 
hnirttoi Ciudr hrn'/ol in(Vttrd»l\ contain^ .i rrrtain innoiinl 
of Ini'riirn inal^ri in rondanatinn with ^nlphui', A\hirh iinpiirts 
t )• it ah i:noira-ant -I'n 1! m 1 hr Inpiiil -^tati Owinv to its 
( naiiMi .it i\ rl\ !'.\\ pii- *- hn\\r\(r. it iniLihl pii\ tn h.av<‘ hrnzol 
'V,dl iiuthri' iiratrd ailrr wt^hni'i in order to r(‘niovr tlirsi' 
inipiifit ir-. < nitld hr ih-iW lor the rxpl'ilM' of ahout h/, 

per 'jallnri d\! the pir..rnt tmir lirn/.ol rannoi lx* ohtainril 
in lai'L"- (jU.inl it ir". .a^ t ht' ninnhor' of rr(o\’(‘ry phints in 

thi" roniftiw i- not \(rylari:(' As hrnzol Imi honu' pi'odnet ion , 
its iiM‘ -honld h(‘ (‘noniir.iijrd, and }»;irt iriil.irly at lliis jiresent 
t iiiH' w lirii till' ddirrrncr het w rm the pnrr," of p(-t rol and Ikui/.oI 
is V(‘ry ^nlalh 

“ Mixtnrr- of Ik'h/oI and iilmliol hii\( hrcni Iriial in ii dr^nh 
tory manner on t he ( Vaif ituMif , hut in 1 lii> eonnf ry notliinp’ hits 
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IxH'n ']niu.' u;xin an •'\lrn'-i\r --air 'Tlir ])<»>- ilaii' !<■' f.»r (iu' 
sneer, ^,-ful ns(' nf ‘ai(‘h a nn\t nre ate \ atid hnlli tln's(‘ 

1 ik'K a i'(‘ ea pa Me el nianniaei nre in ( In'- eenni t \ in\ci) lat<ae 
(jiiaiit il i'‘>. Altlienefi a nti\lnie <>1 la n/f)i and aholio! in 
its nnrina! slati* <pntt' tian-'e/ai'^, and xMnild r-ftt repniri' a lint lua’ 
trt'.dn'eiit Mill* a^ the additieii el weed naulillia \il il i.s 
j)e-al)ie, at rn\ late^ te pattiaUv separate Mu twe laj'iids. 
tin aleeliel lia\ii’L' an artinilv let wal-r' 

140, Sources of Petrol Supply.- d’lie idvent «tl ihe meter 

ear lia- Iteeii Me' n.'ni 'an-e el t!i. im rea'*' ni te< demand 
let pi'lie). wlmh pHw ien-l\ had !'e> n temnded a-, a wa.-te 
[Modie ! I'cliel new eii. e! 1 t'e tiael \ainaMt eetnpenents 
efmndt nima.d a! (h'Mjien pMla.'ed 'nai 

\’ d* ih-' led -'a ;n_' ee ihi' K (dn,;' -• tiji-e- ,>! lh<* 

pei'eK'ini ejnn n.i p! M' -nipeHed n;te (d-at lailain. 

t - . 

I ml t d S! ,a I ^ 

SiiiiialM I'-ir’ hivli' 't'ei.f im<I \t lii' ! ' ia<l' 

K n--, 1 I ,1 1 1! i ! Ui ; I i.t 'll , 

()! !|- I ( ■ M|,M I 


i f 


i I n ( 


I 'reel '-.-(‘N have 1 m ei) 1 1 ad a in 1 ai( tit - erne e \ i etit m ‘Im ni 
lhi> (’uiiiitM. ter eetainnn' pelua liem parallin nr lamvier 
ells h\ the el)(aiii<'i! preee'--' hiiew ii a- '•raehnij ’ I h«‘r<‘ is 
a tendenpv lawMa'ei fer tla'-e pieee,-.s(^ te iie kept seeiet. 

141. Latcid Eerd oH Vaporizaticn of Liquid Fuels. n 

water IS rai-ed tel he heilni'j p^int .nid the apple d mn of heat- 
i,'s eenl [iiiK d ^enii' ef 1 ju' w at e; eei verted inte w-ani , eaeli 
j)ennd w'eiLdit el water ternnal line ,si(-ani at hM) t . needs 
a.'JT peimd-ealerie> tn elleet t he (-env ( J‘'l()n This .7.77 laderies 
is called tla‘ latent he<d e{‘ \ a]>oriza1 ien el’ w ater. er ^enieunaM 
the latcMit heat (>i ^leam In th<^ same wa\, Imat has In lx- 
^n’veii tn ])e1i'nl. p-irallin. hen/.nl er alenliel 1(» vapori’/e Ihmn. 
\\'h(‘n lhe>e tiu'ls are heiiJL! ii-c d in internal larndnist inn (meiiie,- 

* J i-)p*-[ i.il Meior 'J>.um[)ert Ceuneil 1U17, 
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tlu\y to be vaporized, and the heat nee(‘ssary for vaporiza- 
tion is drawn from the air atid metal in eonlaet with them. 
If this heat be not ]>r<)vi(h‘d in some way the fuel in the ear- 
i])uretlor will pfcd so eold that it ^\ill not vaporize satisfaetorily. 
'The usual v ay of maintaining the t<‘mperat ure at a satisfaetory 
;l('vel is either to warm the entering air by making it pass 
round tlie hot exhaust ]>ipes, or by jaehetinii the carburettor 
Avith cylinder- jacket Avat(T. If the former plan ))e followed 
it is found that tin* air rnaals to be heated at the following 
amounts for the fuels mentioiK'd . 

Petrol .... about 20 ' (k (IT^ ¥.) 
Renzol .‘h> ' (\ K.) 

l^\rafhn t;n (’. (t4t> E ) 

Alcohol KKI' ('. (212' F.) 

■ 142. Proportion of Air to Fuel Th(‘ cla'inical composition 
of petrc/l varies with its (haisityjmt taking it at the average 
of Pglljs.the e(iuation for <'mnj4('1e eombu-'t ion with oxygen is 
2(U1 ,h b2rdL- lid) 

showing tliat 1 volume of ])etrol vapour will need for its com- 
plete combustion 121 volumes of owgiui. And since air 
contains 2.‘1 p(‘r i-ent. of oxygen b\ u(‘igl)1. or 21 per ('ent. by 
volume, each volume of petrol va})our will nec“d about (iO 
vobmu's of air. It is also possibk* to caleulat(‘ tbe proportion 
by weight instead of volume. Tims in the above instance 
2 (00 -j- 1^1 pounds of petrol need 25 >' 52 pounds of oxygen 


and thendore ^ 

25 


pounds of air. 


The numher of 


}>ounds of air needed for the eomjdide ecunhustion of one 


])(tuiid of ])etrol is th(M'ef<»re 


' 5200 , 

-- L) })ounds. 


{ ]’r'.|»>itn!n of Air to Imk ! for ooinploto roiiilut-Oon 

Fuel \ ~ — " j - 

! e.Mio Ijv \o1uim<' j (Citio by 


Paraillii j 74 15 

AI(H)1io1 ■ II 0 

.‘f2 15 

Petrol .... 00 15 
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The foregoing table gives al.^o tlie eoTTespoiuliiig (ignres for 
paraHin, aleohol and lanizoL Tlu'se are llie })i‘«>poi-1 ions foi- 
eoinpk‘t(‘ eojnhn^tjoji. bnt })ropor1ions \a 7 y 1 ng Axitliin limits 
from 1 ]h‘s(‘ ideal tigures will also explode Tins .dutw n in 
the following table ■ 



n.U 11 1 l>\ \ • ihtnn 


Sllli'.l iiiiri) 


I t.K 1 1 l!l\ 


(lilt 


Ali'oijnl , 

|j(‘a/nl . 
iN'trnI . 


7 pri < ( III 

i 7 


1 n jtri . (' 111 . t«t i:> !''-r I'-'ikt. 

2 7 ., ,, .. a ■> ,, 

I 0 :> n ,, 


143. Calorific Value of Explosive Mixtures. Althonoli me 


C'aloi'ilit' xahirs of fiicL \'ar\ >0 muoh ihn- (Im < 

•aloi ilie \ aiue 

of illuminating gas 

is many tinn 

‘s as gieat as 

that ot blast 

furiau't' gas tlau'e 

IS rel.it ivi'lv lit t le dillcK n< e 

b(‘tw('en tli(‘ 

calorilie \ o!uni<‘s <ii 

t lie (‘Xph/Siv 

nii.i 1 tn ( •'< loimetl with thimi. 

'J’his is beiMii^e 1 he 

1 i( h fuels aie 

(hliib'd w it h a 

great (h'.d ot 

air, and th(‘ poor one.', with very 

ill tie. 'Vhv ]. 

llowiiiL’ table 

illustrates tins : 




i 


Vuiiitn. ol .m 

\|.;.i..\ ( ili.n!.' 

Fu.'l i 

i 

A;i|ni-\ (.il.'iili j 

t IK .-M 1 1. .an 

\ ,i'ti> ji. 1 ( 11 u. 

v.ilu'' |>'‘i ('ll a. ' 

I.... .Ic.l iui 

, oiiiliii 1 mil 

-.1 lul' till'* 

1 

1 

i 

! 

jl.Hiiiil 1 !.|> > 'I . ^ 


pi 1 m.l ' .1 li It i.'H 

UJjl.sl -fllT'llMCt' yil'. . 1 

r>u 

0 (J 

:n 

Prod 1 led- g.e. , . | 

70 ! 

(m i 

.»7 

Coki'-ovcn g.is . . 1 

, , 

5 j 

r.o 

llluniiii.n ing g,is . ' 

:{:.0 

T) 1 

as 

Aleoliol \apuiir 

•ano 1 

1 t 

Ml 

Pen/ol \,i|)oiir . , ' 

i 

! 

7.) 

Pc'lrot \aj)onr . . . 

:{t2u i 

(in : 

. 71 ) 

Parafllii xapour. . 1 

t‘ta(l 1 

7t : 

<)() 


In practice the e is always j)]-esent snjn(‘ (‘xct'ss of nir ovit 
and abov(‘ tlu‘ amount t h<*oretieally net'ded : tins bvals to a 
reduction in the average ealoriji<‘ value of tlie gaseou.N mixture 
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ami j)iv)bat'l\ luma.' Ilic in lla’ la^4 (»)lniiiii <»i tlic 

aho\'(.‘ tal)l(‘ >lill n<'at‘<4 to oik' aratlla'f 

144. Slow Speed Gil Engines. an oiditiaiA jaiml (amiiio 

uliicli run on |);nafl n la-oonu"' thrruPy an '"oil cniiUK', 
it nt'«'('s>a i‘\ to luiim in tji< vaiiahh' taotor. in ordi'r 

to di'-t it from t h(“ (tldoi- and lu-a\ ita i\ }h"- (4 oil I'ligiiu' 

idiu fornmr run-- at . --,i\ , 1 .niH) lovnl t it lon^' }K' 1 ‘ minnU- and o\ vw 
and ilu' l.ittrr at on!\' a few lumdod. Xntlu'r ia r-ontially 
diff<‘!-('iit tiojii tile otiici It a jiotul * lu’iiu' imaLunod as 

gr('atl\ nn]ca''od in •'i/a* ''UV t<‘ a i \ Indci' di:;nult'i oi It in. 

and all jiart^ in«*n*aM-d in j^ropoi t ion tla* -il<‘ .-pond at 
^\]li(‘]l tlif riiyiiu' will nil! wilt iiood to dc n-diuod dnau-u 
w inUt the w <•!'.: Ill oi nun itm p.nt'' L’or- up w itii t la* <' ulx* o{ the 
diiiH'iniom •'fctional an*..'- ol -tic'-rti na tal t iilx incr('a>i* as 
t La MpMi'c. ll n not pO'-iLh I L< to aim at LiuL '-pn'ds 

without ill' H-a'inL- t !a ' m t-i of pindix n"n ! la' I'uild- 

ing ot '•Ufii ('\pon'i\c ' la.ita" i" ii ud K put on uia* '-ido and 
a I'lioa p MiLi ta' n Luill w La h 'Aid i un ot a N'Iv * io\\ ^pa^d 
>low I'l t \ cn l ha n t ho pt •' ‘pi 1 1 a 'll t o 1 h< na i oa'-o in di iia n ■■ a ao' 
Would naturalls '•in ao-l I'im onahio- (iwa.por inatoiid' to 
ho mod I h.in oro < in} !'' \ » A in ! ho ooii'! na t am of pot i"i oi -na'" 
'The niitjuil in horn, j.c.wti n k lu'od m |)i‘"poita>n •!'» (ho 
vjiooiL hut iiioto.O'od a •' t ho t uLo of tiio <_\lindoi 'Liuomion 
pjo\idod that poll- f't( aio do-'inno<l oi '■uiIm i(-nl 'i/t to 

onahlo tiio woikiii'j nn\lnr< to onloi and l*-a\o tla- ovinahr 
w it hoiit iindia ol>-’ i la tion 

A' I'opt o-ont .it i\ ' o{ till- iioa\at » la'-'- ot oiojino ihn woll- 
)^l, »w n CainpLe]! oil ouL-na a- oK'-tnl 

145. 'I ho Cranphell Oil Engine I- ilimtiattd m hLi- <>'.t 

;ual tit Id'j tl4 -hoW" the onuino to ho x,mawhal imil.ii 
in jilan t(.> a laui/ontal ua- oiajuio and tlio i mjino p;ii t ;ir(' 
gonmalU on tliat '-'alo ! iio ml< t \aUt t and (*\h<iU''t \alv(' 
t « an* ,-'how 11 in po'-it am 'I im la 1 1 i‘i i,- w oi L<-d t hi ounh a lo\ I'r 
11 and >ido lod .) h\ an o(o«iitrio K dM\on trom tla* oraiiL- 
shaft L h\ --I mi la annj \\ Imn tla* spood <‘\oo( d- 1 ho norma! 
a ('(‘tiTri! iiLial '.:o\i'rn"i pu,-ho- down a 'too! piooo N. which 
(“nc’ajios with a ooi m - jiotitlim,' "ti't I pa co () on tla* o\haU''1 
]o\a'j' 1 1 . and pi o\ onl - t ho oxliaiot \ al \ o < i 1 1 orn i lomni' W hon 
this \al\(' IS laid open no p.utial \a'uum miii loriii in tlic 
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cylinder during llic charging strnkc of llic ])islon 1)Ccanse there 
is free cornin unicat ion with the atniosplien* through tlie ex- 
haust valve, and ronscajuently no charge of oil and air can 
be drawai into tlie cylinder. 'I’Ik' vaporizer foi' cojuhining air 
and oil into an exjdosive mixture shown in section in Fig. 
(U and consists of a east-iion chainl)er A securely l)oltc(11o the 



Fie fil.— C.nuj-'lirll Oil Knmnc. jliiisO.itin',' o])(>r.itiiin o! vapnil/n 

cylinder and in dir('ct commnn'icat imi with the comhustion 
chamluT. Into llu‘ toj) of this ehamh(‘r tin* inlet \alvt‘ ]'lug 
B is fitted and tliis [dug contain- the seat of the inl<“t valve 
Fig. tri). Lheinlel valve (’is Kept, clo.-ed by a light >pring 
I) and only opmis during the <-haiging str(»K(' of t lu' ])iston 
when a ])artial viuaunn is formed in the cylimh'r. Gil is 
admitted through the annular spata* or eroov<‘ F, and passes 
through small hole,- in the \al\c Mat an'd into the vaporizer 
when th(‘ inlet valve leaves it.- .cat. Air is admittc'd thi'ough 
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the ])il>e 1\1 ;uhI passers tlii-ouoh Ihe inside ef valve })liig H, 
earryin^ Ihe oil ^vith it 'Hie iani^oii tnl)e E is screwed into 
a boss t)!) ihe eliainher A. 'hhe tnh<‘ and the whole' of llu' 
vaporizer is kept hot ley an ('xteaiial lamp * Dining th(‘ 
eluiri»in^^ sti'oke ol the' piston, a pai'tial vaeMium is foijned in 
th(‘ eylind(‘T‘ and the* eharufe' of oil and aii* is diaAvn through 
the inh't valve and ^^)rayed aLminst 1 h(‘ hi'ated si<les of ihe 
ehamlua' A. TIk' mi\tin<' tla'n jeasse's into th(‘ <y]indei‘, is 
eompress(‘d on 1 Ik^ re'tiirn strok(“ of the piston and then tired 
]jy t Im‘ lu'ai from the 
ignition lu1)(\ 


INDICATOR SCREW 


I , 




CYUNDER JACKfT 




l] 





H 


Fi(.. (m 


_._J 


-Fiil.'trtv''! vi<‘W »)1 fCKhnii^t vulvi 
►'ho\Mi ill Fi^»s. ().} (>4. 


146. d1ie Hornsby 
Type of Vaporizer is 

also w ort h st iid\ iiiL' 

This- 1 \ p(' (jf \ apor 
izer is shown in I'^i^o 
h(5 ami to show how 
the vapoiTzei is fittCMl 
in plae(' 1 he dia,L''’am 
im-lnde'S t he e\ lind'a' 
also. W'Ik'II it d(' 
sired to start tln' ( n 
gine a kini]) is placed 
under the vajeonzt'r 
eliamhei’ until tlu' 
latic'r isat a suilii ient 

tempiaalnrc to iL-nite t h(‘ oil which is pnm]K\l into it This 
lani]) is withdravn onee* th(‘ ('iigine is stai'h'd, th(‘ heat of 
explosion is suflie-iemt to keep the l(Mnperature up to th(‘ 
r('qnisit(' point. The «>il tank is under the eimiia*. and from it 
the oil is fore(‘d h\ a small feumje into the Aaponz(‘r just, at 
tlu' monumt when llm piston is stalling on its ont-strof.e and 
is draw'ing in the air neei-s^aiy tv, eomhustion | The su])])ly 

* In some lali-r (iigiiu-s a ' ircc ignituRi tiihc is nsi-il wliii-li is alik- 
to i-v-lam ♦ iiougli lu at from , xpiosion to lire llie m-xt, so thaf the 

lump »n.t\' l>e w it l-'lr.oMi oneo tl'.- lia^ lieeii starloit. 

•|- III e'liiNl riicl ion 1 iii^ l\ pc of <-imlne g, .Nnmti r | o tlie IIoiImiIIi" 
or Srmi-Dies, J " eiiLaiK' (S--e ])ar. 1-17 for ('om])ariM>n \Mtli tlie 

Diesel.'’) Jn llii-^e latter eniiin. s. hout var. ih > fii •! i- no, 11 j d 

into 111 ‘ vapoiizer until ih' iii^Um li 1.-. reaeh -d lit - end of lli-cum- 
jiression stroke. ^ 
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of till w odiil oill* (1 liy tlio jLj;o\<-i nor in IIk' follt 'W iiil’ way 
Tlio oil through ;i \al\i'l)o\ w i1 h l\\«t \al\(‘^, one oj 

wiilVlj k‘ad> to tiic vaj)oi‘i/,('i‘ aiul 1 la* < i lici U iu\> 1o an ovciHow 
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IVoin which th(‘ oil can llow lank to llic tank. If 1‘lir ^|KMHl 
rl^(‘s la^yomi tin* r(‘({inic(l point t hi* l'o\ i-i n< a- opons thi'^ latter 
va!\(^ and the tjiianti!\ of oil cetlniL! into tlu* \apoi'i/er is 
therefoie ii'diucd On tin letnrn -troke <>[ the j)i,-ti>n the 
inixtint- is ('< iin [ »i e^'^ed and -ome of it l(‘t'(ed ha< k n!t(» the hot 
\aj)oiizei\ wlicic tia^ t eio p<a a t ni'e no hieh liial icnition 
oeeni-^and a wotkiha* NhokeiN thia'elofe niade t*\ the pisl(»n. 
d'lu' \apoii/ei’ ch/nihei can ot (oni-r, la' lakiai out and 
e!i aned wlien de nid It i-- toinid ]iowc\(a. that even when 
working ('ll ipnte hea\ y iinpni ili< d od- ^ < i \ oeca -a aiul cleaning 
Will aUi'llci' 


147. Diesel aiid 
semi-Diesel Engines. 

- !>o| h t lie,''e t \ :ic-> 
oi eiiuiiie w oi k w it h 
a h('a \'\ ' 'll f i|cl 1 n 
hot h ( a-ev !tf on;\ ts 
admit led dm mj 1 he 
sUet i' 'li li.e (.lid 

m hnlh tiie <•"!(!- 
jij'i -sit n |N rai ! ied to 
a nineii hi'^ihei p>'e 
sn!'«‘ and t « nip( r; ■ 
t ni'e t han po- ahh* 

in oil I nuiii'’ ' in 
which an e pi!ci\e 
nn.\tin'e mi' an<! 

Oil vapom ale i me 
pre-sed lo'.'i't ia i’ 

d’h(' tll '-t I ne-el eil- 
jiine was iniih at 
.XimNlmi c in I ' 


fULL 


^alve: 


Exhaust Valve 



'I 


and -nS' 


Mai inaiiA tlmn^ 


aijines 

for 

enciiii' 


havi' h-aen (oiiNtiaaled ioi tlm snedter naval 0 
power eeiieiation and i(*’ ot hci- j,'mp('.''*s in th 
tlu* eompnv-sioii 1.- eai'i'icd to :.tM‘ IL pei' -({. Itieh (eorie^j olid- 

Dr. Kiahtipli Dc’St ! ni. ' 'I ii • Die-."! M-! ' /V'> f M rJ, 

11112 ( )ics( 1 N nrim'na! id .i liml I > a i < • k'ilnw t ii.‘ ( <a.sMnt t- a.]" ' 

lure ( xclcjml 111- laiLV' .m/' d lit.- * Pijm. iti po-juMioii Omli md) 
111 , el. llic itH.-himcd cllici ecy *\o<ni.‘l\ | oor m.d I If 
coNt\cry liieii, Ilf i'l-niu.e ■■ If , . for-- .'dandoji. d. 
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ing to a (*oni])r(‘ssiou ratio of 12) and in the semi- 

Diesel to about ITiO ]h. ])er s(j. ineh , \\her(‘as in tlie ordinary 
ty})(‘. of oil (‘iigine the com pr(‘s^ion eannoi he talaui miu*]i 
beyond (10 to 70 Ih. jxu' svj. ineh {gauii:e pri'ssnre) without the 
charge pr(‘-igniting. eoInpres^^ion ^paee in the Djesel 

engine^ lias to lx* exeetxlingly small : and to faeilitati^ this the 
arra ngcMUent at the head of thee\lin<ler is shov' n in Big ()7. 
In the Di(^s(‘l and semi-DieMd engua'^ ])ie-ignit ions of th(' 
ordinary hind ar(‘ erjually im])f)ssi))l(‘. as ther(‘ is no fuel pr(‘S('nt 
during any part of th(‘ eom])ri‘s^ion stroke altl)ou;di if fi’om 
defective const ru<‘t ion the od inlet- valv(‘ of a Dic'xd engine 
should leak, tin'll' i.-. a ri^k that e\ph>sion may take i)laee 



during the compri'^sion stroke and that the (uigim^ he dam.,ged 
uniess massively built ddiis dangta* is ( Imiiiiatf d in the 
semi- Diesel engines, winch have th(‘ oil supplv lorccd into the 
cylinder by the action of a force })um)) which comes into action 
exactly on the dead jioint- v\ itli this arrang(mK‘nt the only 
result of a leaky valve would be leakage from and not into the 
cylinder. 

In the Diesel engine the fuel is sprayed in through the fuel 
valve shov/n by air at lb. per sfj.inch as soon as the valve 
opens. The coiujiression st rok(‘ has previou^ly eomjU'(‘ssed 
the air and exhaust }>r(xlu{‘ts to oOO lb. per st) inch, corre- 
sponding to a teinperat urt' of about nno' C. 'J'lie oil vapour 
therefore burns as it enttus, and the jut'SMire is maintained 
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at about 500 lb. ])cr sq. i]u*h during an a]»])rtriable'|)ortion of 
the outward t-trola^ of Ibo ]UNton iiidil at a ^ivou |)oint flic oil 
supply is (-ut off atnl (\\))ansi(Ui tak('s place. (iS sIjow’s an 

indicatin' card l\pi<‘al of this cycle. In coinputin^ 
from such a card, d('duction luaals to be made for work done 
in the air-compressor. L'verv Dii'st^l online is (“(piij)]'ed 
with an air com])resM>r for maintaining^ a supply of air in the 
starting and air injeetion \essels. I'fie pr(‘ssur(‘ is usually 
maintained in these \’es^(ds at from HOO .to 1,000 lb. per sq. 



Fig. 01'. liniliv “.Mirr)r(\s huvst'!’’ Oil Knpno couplrrl diro»-l to 

eO K.AY. Generator. For Hirkdale Ihytrict EJoctric Supply Go. 


inch and must not be allov\(‘d to fall below about (»00 lb. per 
sq. ineli, otherwise the compres.don jiressuro in the w orKing 
cylind(T would inevcntthe kicl entering and the engine could 
not be st aided. 

The Diesel engine needs no i.jiition dt v'icc^. In the semi- 
Diesel engine, howeviT, the eomi)i'(‘s,>>iun temperatnre is not’liy 
itself high enough to ignite the oil, which is therefore mad(‘ to 
enter a'sjieeiall) hot chamber at the end of the eylmder. 
Contact with the hot walls of this chamber in the jircscnce 
of the hcaK'd air ignites the charge. This hot chamber is 
heated by a lam]) on starting, but afterwards maintains itself 
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at a ^ufl'K-’K'nl triii]M*r,it nr(‘ 'Tlic (»i the oil is 

at and not iii'ad na!l\ , a> in i h(‘ I 

!l \> claimed tlial tlic tucl < on^'iim pt jnii o1 a l)i(‘S(‘l tmiriiK' 
iK'cd not \)v more Thart O-lo II). of oil per 11 li r.dioiii at lull 
load. If the oil ha\a' a ealo]‘{fie ]»o\\< r ol 1 T) (Min.lMtd tt -]1>. 
p(M' pound thi^ !^ (‘([inNaleni to tlu' (urjine yahlmu l.iisn.nno 
ft.dl). loi n\ei\ d*4e . j:..dOnjMM) ft Ih. pnt ni'A) it. ;j,i\ mir 



j" a; 7 " iS« ( t !• M !, 1 1 \ |. w .<1 I Mt-. 1 Ol) I 7 ir_iii(‘ (Mnilii- mo a ('I't. 

N'.’i |ti-iO'iii (! mit ! A-' a'-'" I'l ■ 7a \ 


If... I O' M 11 > 

a f)raKe-t hernial eftieiriK \ o| ' oriieaih .'Id per <•( nl 

d.TotJ.dUd 

Tills is a hiuli ertieieiiey. and t In* rea-on w h\ it can hi* obtained 
is mainly on aecamnl (d th<' hmh eompre''-ion eniplo\e<l 
iicfertmee to }). sr> ’aill sfio^\ that the ‘ 'ja-. standaid ’ eili- 
eimtey fora similar com] )r(‘s^ion ratio ol about 12. is .72 pm* cent 
'The l)ies('j en;nne ma\ l)i‘ made t w o-^1 r(»h(' <a' four-^troke 
as desired : in the former <'a.s(* it is ea.-ily madi' reversible, 


Gauqt 
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which fni' iii nini' work :s coiiv('!iiciit. Am\ wi(l(‘''pj’('Mtl use 
(4 this cii'jiiic cillu'i’ <m oi lund tl<‘|>cu(F \crv lnijzcl\ on ii 
s(ipj)l\ oi j("^ulua! oil luci or oi n siutal^lc lar oil 1 ciii^ ohtaini <1 
at a ch(':i,}) ))ricc\ 



148. The Thornycroft marine ens'ine )■<■ '.iiciatid miHi 
eidicr’ iM-trol or par.iHiM ll "f •■•"HMr c.-iMor to xvorU a 
marine eiminc on i,araHm I lian a lamt one, aa in the former 
(,|ie starline tonini- laapineil i- v. ry sliirli' , .md tfie sjieed at 
r\liieh the eiieim' runs is mueh more e\en. there are, m 

short, no lulls fo elinih. , . . -.1 

The ThorM\eroft enyune is illu.strated 111 hifs. d ano 
•uid the follouins; deseriidi.m nill htlj) 10 elne.dafe them. 

In die lirst place it rvilt !><■ noticed lliat the eneme is essen- 
tially a marine one. 1 he hearing arms heinir east onthehotlom 
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half of th(‘ hed-plate, and largo doors being lit tod in tlio u})por 
half to onahlo adjustinonts to bo jnado to tin* bt'arings, 
etc. It will also bo notiocHl (hat. tho engine is substanti- 
ally built and suitable for heavy continuous running at 
full po^\er. 

Tho cylinders M are (‘ast in pairs with large water-jackets N 



1 


sivr () u n d i n g 
them ; t h e s e 
wat(‘r- jac k e t s 


-H , 


(‘\U‘nd suttici- 

/' V • 

■ 

/3 

' I 

ently far down 



“ p 

to enabl(‘ tiu' 





' 'i: } 

' J 

■ / 

['; s 

workiij^^ j)urts 


% 

of t In* (‘ vlindci’s 

"'I:'*' , ‘ ’> [i 1 

! ■' 


i ■. 

to 1)(‘ com- 

; j 



j>l(‘1cl y covered. 

lit 



O is t he })iston 
fitted with tiv(.‘ 

' ' ' // 

j 

\ ^ ^ 

piston rings ; 
P the connect- 

1 1 

^ t 

r . • 1 -- 

ing rod w'orking 


( / ' i , 

^ / \ 

1 

on the gndgi'on 


\ t 

jun i) fitted 


' " V 1 , 


with a solid 

^!i 


i 

busli. R is the 

'\ 

i ’ ■ 

1 

/ . "* - 1 - 

cranlcshaft, and 


' ' m' 


it w’ i 1 1 be 




not ic('(l t h a t 


i ' i'i 

y 

the cranks arc 


’ i ‘ 


at ISO (h'grees 


• withe a e h 

Fio. 71.— CJfiu'nil A'TMngoirionf. f)f 'riiortjvf-rdft <» H" i i Iw. 

Altvnno I’ctrol or ParulUn I-rid vu'w. ' ’ 

Tuain l)earings 

are shown at S, and arc of (‘onsiderable knigth. Tho 
bottom ends T of the connecting rods are adjustable, and 
it will bo noticed that to assist lubrication tJie ca}> aJid 
bottom half lu’asses an^ left slightly narrower than th(‘ 
top half. T\w j)inion V on tho crankshaft drives two fibrt^ 
wheels V conjiected to the half -speed shafts. The freo-w^heel 
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^taitiii;^ arran^rnuMit .shown at W. toiiOlnT willi Hit' haiidh' 
and f.‘]jain wIrcIs 44r’ sparkiiaj^ pliiL's an' .slatwii a1 XX and 
are of tlie positive inaivc-and hioak ivjie winked h} tap])et.s 



^ ^ ij p II 



P'’io. 7L‘— 1 .‘m! i.il Ai rauL'ciix lit of Thornycpifi ()''.s ’ Mr.nni' IVtrol uj. 
i’.'Millin I’lii."!'- Si'll- v)'-w 

Adxaih'i* s) arkitn; yiear is \u»iked h\ tlie Ie\ei /, and 
liali coin j at'ssioi 1 ior '^tarlniu h\ the lever A. J lie ('xhaust 
eolleet ing-hraiieli is v ater-v ouled. 
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149. The Petrol Engine.- The i)iiiu‘i))le of working of a 
petrol engine is just tlie same as lliat of a gas or oil engine — 
so inm-h so that petrol engines have not infref|uenlly been 
conjik'd lip to suction jinulucers and run for a time as gas 
engines. Altliongli tins is so it must be borne in mind tliat 
owing to dill‘e]'cm‘('s ii> the nature of the working Iluid the 
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jno])ortions of the engiiu's reijiure to be designed separati'Iy 
for eaeb method of w forking. In a pet red (*ngine tlie working 
fluid IS a mixluii‘ of air with about 2 ])er cent., by volume, of 
})e1rol vajiour This mixture is forim^d hy admitting both 
air and jietiol to a <i<‘vi(H‘ (‘all(‘d a eaiTuret tor. From the 
earburtdtnr the inixtnn^ passe*^ to th(‘ engine most often 
through a throttle \aiYe of t lie buttcrtly wing variety. 41io 
proportions of air nndpitiol are adjusted by liaving variablo 
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inlets for the air ajidcoMt filing llicm by hand or I.y a sovonior. 

One, two, three, four, six or eight cylinders ina\ he used to 
inak(‘ up one (Miirine The 
cheaper cars usually Jiavelwo 
nr four cylinders, whiKf six 
eyliu*d('rs are oftcai titled to 
the hn^a-r (VH‘s. T\u^ more 
(‘yiinders an enym(‘ has the 
inorc^ unilorin is th(‘ tm'jn?ic^ 
nioinent aiul I lu‘ lovv(‘r the 
sj)(‘(‘d at wliirh the enuine 
can })(' run withoni .sloppimr 
Tjjis an important point, 
and it' is iiMially di-eii's-tMl 
undiT the title of ' llc\i- 
lality. ' .Maxiinnm fl P. is Ti-!<*n of Vrirof 

'll I ‘ I I /. I‘ Ilf I 111' 

iiNiially olilaniahh' at (I'om 

Latin to 2.nn(i r.ji.m , but n i'- ofttai de>ired to run at imicli 
lower sp(‘edv A^' tli<' eai' speed is i-ecpiiied tu ha\e a \e?‘y 
eon^idej’a !)[(' ranine, aiifl a,s fnilpowt i idiould he a vailahh* at low 




Fic 75,- Luo 1 >i,t'jrr:t!n of arratic.'iii^nl of Motor (J.u Ch.M-ii.s. (Ooropnio 
vMtli Fi;j;. 7<» ) 


as tv(‘ll as at hiyh .speeds, vaiiahh p ariiie ha. to he introthRcd 
])etween tlu' ('iipiia' and the road wheels 

'Phis In'iiips ns to tla* emisKhaat mn of t(u‘ meeliajiism hy 
wliieh tlie tiower of ti jadrol f tieine is transmilled to tli(‘ road 
w'lu'els of a ear. This is shown dia.erammalieally in 7.5. 
whilst in Fipc 7(i is seen a Talbot t'hassi.s showing j:ow the 
arrangement is carried out in practice. 
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('fTAP. Mill 

tl](' |>i n],r!l('r s!ial 1 iii a inaiine iimtor. Tfiis sliaft 

traiisniits jiowrj- Uy i)('\('L woiiii, oi- (.-liaiM i:t ariiia lo tlic' rrar 
ax 1 (‘ of the car. ujiidi <ii coni^c i> a 1 »'i<j:!i( an^ilos lo i 1 In 
onicr tn he ahDio altci tlu' xrl.iciU i .1 ! i<i lu *1 t lie ('iiiifiu- 
and rea?' a\lr a i:('ar h<)\ hil'-d in l!n' la-.-itinn ^diow n, and 
hy in*Mn-; of a UMihod i>\ limd the \ <'!n» it \ lal in ean 

hr ailri rd al. a ill 

4dir iii?c]^‘anical rttiAeiiry of llu 1 iait-ai<i^''!t n Irom cnLonr 
» \iind<'[' to rttad vOa • D i-, \ario'i'-i;' ■!;>{. d .1 anylhine fioni 
(in t(( an [irt ( rn1. 'I hi* ft, ht-w inr taoD },iM-d on ir-ls hy 
If i('d!< ' I -h, 'W - .di-\ ! ii!' v\ \ . O.tv ! , ; h* 1. » n s n ( i <'d. 


I* . j)i ? ..I a ’ i 

nil 1 ) 11 .'' 
\\a_ .11 1). ! 

'1 ■ nil t 


L(>-^ in tiaii I 
'liif.il 1 

loom yJi . ' i 
w tmi.i'.. 

Air IT lO Ml ' 




Trial II i 


Tlir rl'irrt i! d uj on (i,. ,.'i o ntaiar rr; v \^,i! 

seen from t!ir- i.L'nir.'- It loan I h(' i it E. n1 ilir ih 

ni ]).h. \rhi Ir In aj jld' {or thn n! in h r.ir. 

150. Sleeve airl Rotary V, lives i'or Teiml riiidncs. A fvw 

prtj’ol rii'oiMS aia !it1ed Willi vD.al rni- Kiinwn as '' htrc'V ■ 
vah'rs" in^lrad of j) 0 ]ijirl vaVa*- Slvaar \ah'r- work on 
iniirli Hie same jiiini]|t](' as a le-ou an;nne dak' il\e 1 h(' 
inovinui, >ler^’(‘ work'-. Jis hel\’. (•en nie < yliiah i iiia i asio Hu _ 
evlindei- wall, and Hie hiiei il -ell nia\ Ik- mad'* lo did(‘ too In 
this way Hined o[)eninL‘y and Oosniys o{ valve juiMsa'aes aie 
j)o>sihle. A HnHua' piopo'-ai is lo U'^e rotary \al\es, in 
wliieli, hy the -li’anA' »-ota!]on o{ one lontj di-trihnlor. all Hi(‘ 
eylindera atv eonircHed. A1 pre-ent , howev (W, (WiX'i ieiu < is 

in favour of tlu* {iop|K‘t tyn*‘ *’l vaive. 
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151. Aero Engines. — A (to (‘ngines, altliougli gcTUTally 
similar in ])riii(‘ip!e 1o luc^or-oar eugiiu's, require to br mad(‘ 
miioli lighter. TIh' ( n-eyliiah r Gnome rotary ej giiie is 
eompiiet and v(Ty ligld. for 11 k‘ lu)rse-])<o\(T d(‘Y('lo]H d, its 
\V('iglil l)eing only about .‘f lb. pt'r lior>e-po\ver. It Jias been 
much Iis(a1 for aero]»]aiH work, }>ni (n^ing to tlio dinienlty of 
silencing t h(‘ (‘xliaiet from the rotating eylindera, and toil,' 



Pju. 77.--WuIm Icy Aero lOn^uic. 


targe lubricating oil eon-nmpt ion, it is not o de irable, 
especially foi' military pnrpo.-'Cs,* as a non rotary (‘iigine 
which, although janbaps heavi(‘r, can have a silencer litted. 

In Fig. 77 is shown a ,'^mall, til) II.F., non-rotary engine 

♦ A< th*' War OfTi<!- n itls lu ini-tllr- ehi. f pnz'W.es awardid lo 
the 10(1 Il.T’. w.( O'f <M)o'< <1 (rcci 0 Snull' i .iw.irds wt're givt^rv 

for aiier-'ft Migira.v t-l 1 h<' foli(»\vitig jn»kf.> DiidOndLO', \Volbcley» 
IJe LI diiiora, Gtioiuv', Argyll, lini i h Aiiz mi, Sunb,^ain. 
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built by the Wolb(‘loy Lo. for use in ainjiafi. 'PJie enij^ine 
has 8 cylinders, each .'1,] in. Ixm^ V' 5.1 in. stroke. The 
cylinders are of the se]>arate ty|)(\ mounted on an aluininiuin 
crank ease, and })Iaced at an auLde of 1>0 de»_n(’('s latf'ra-lly. 
The cylindtu’ jackets are of spun almniniuin, scn'wcal and 
jointed to the cotnlmstion heads- the induction val\4's are 
atmospheric., Tdu* pistons ar(‘ <»l drawn st(‘cl ma^hiiu'd and 
ground to jj;au.i;(‘. d he <'nyini‘ is i 2 uaiant(M‘d to develop con- 
tinuously net h“ss than (»<) Ikll I*, at 1,1^50 rpm, with a 
pet]‘c>l consujii [)t ion of not mot(‘ than c7 pints ])er 11. II. Ik 
hour, and a, inavdin-un of tis 11.11 T at l.loo rpm tor a 
duration of umiule< I Ih* total wemht oi th(‘ eiieiiH* as 
speeititak complete with maeiieto wirin;: plucs. all wider 
pip(‘s on (‘ueinc, watt'r juimp, oil pumps pipiim eonne\- 

utns, but e\elu^i\c oi e\]i.-u t pip!‘^ a, ml sihaie.er, do(‘S not 
ex('e(‘d ilitt) 11) , or 5 lb p -r ll.k (dit.iimible. 

Larticidars* are ^i\en on p. 24S (.f the more impoi'tant 
featui‘(‘s of the ('ii<iims cxhihitc'd at the iDtt A(‘ro Show at 
Olympia. 

152. Carburettors, d'he lunetite, of a (‘arhurellor i.-; to 
intermingle the petrol or otiaa hiel with tla'air so that an 
exjilosive mixture^ is ImnuM! which can Ih^ admitted foithwith 
to the cylinder. It is jiossable eithm to allow onl_\ s , o»!s;n 
c»f the air to pass thi-oit.tjh th<‘ eailmietto! and then \u ado 
additional air to th(‘ mixtutv so a.^ in biin.i:, it t^« ij..* o-pul-ed 
pro[)ortional composition, or, on llu- otlu'i liand. the whok* 
of the air may be })assed through t [i(‘ earbur(-1tor. Souu' 
])etrol conu's over in tin* form of a luprul sju*ay, and ‘lir eai i vine 
such a spray is ipiitc casil\ explosive. 

The “ intermiu/liiig is causial in one of twd ways ; (I ) by 
the jet method (which is the* most common), or i2) by 1hi‘ 
surface evaporation method. the former tlm j*^t ma\ lu‘ of 

either of the varieties shown in Tij, . TSandTlk I n t lie tornu^r 
the air sucked tlirongh B, on the opening of the valve, eaus(‘s 
petrol to rush ii]) tlie ])ipe A, past tin* scrc'W -adjusted inlet- 
opening to a small hole on the eoumal seating of the valve. 
The lift of the valve tlierefore not only admits air hut uncovers 
the small petrol hole u]) which a jet of ])etrol at once s.piirts. 

♦ The AuiomohilL Enyinerr, A[)ril 9. 1!M4. 
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this is seen in iiistanees in m hieli the Onfit ehaiuher is sucked 
quite dry diinnj'j the running' of tlie euiiine when the petrol 
inlet pi])e A has aot choked U]) in some way. The ])rinci})le 
of the workin«4 of the j(*t will he gone into later. An ellHci- 
ent tyj»e of a surface earhurettor is shown in Fig. SO, which 
illustrat<‘s a carhuri'llor used on a IjanchestiT (‘ugiue. The 
})ri]K*ipk‘ of its working is ohvious from llu' diagram. The 
air passing over a lai’ge jiet ml-s/iaked surface' takes uji petrol 
vapour 

All the carhureltors described work best v^ith a cejtaiu 



velocity of (low of the air. When, however, the engine runs 
very fast or very sh)W the air vc'IoOty changes accordingly 
so that the carhiu’cltor sonu'tinu's gets jnore air, and some- 
times h'ss, than it wants. If the ilow of air be incrt‘as<‘d it 
is found that too much p(‘tro] is taki'n up, so it is eustomarj" 
to arrange for only part of the air to pass the jet and for the 
rest to be addcjd to the mi.xtnre witliout passing tlu^ jet at all. 
W V?. to arrang<^ for this adjust nwi it to be made auto* 
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There are.jPiaiix oilier way.^. cattily fle\i'^(Hl, a}»])]yiiij2: llie 
same priiieijiK' 

Owinu to the heal ahs(jrh<al l»y the evaporation of th(‘ 
[)elro! it is n^uai to \\ani) tia' entennii air sluhtly This 
is (lone hy piiltiiia tiie air inlot pipe noz/lo ole, a- up ti< one ol 
th(‘ e\hau''1 pipes vo that the aij‘ in MeliMe.' p.isl liu' hot |fipe 
gets warmed s!iu},tl\ ()\ roiiiM* tlie t.el th.U^tla' w holi^ 
of the eaihmvtti)!' is iindm th< warm eimim iMunut lu'lps to 

ke(‘}> tiie (eiiv 


1 


peijit lire 
1 .1 11 1 ii ^ 


(rom 
too 
low 

\\ hen pai ai- 
lin ii-ed as a 
t it'-i mu< h no i! i' 






Fie S’J Ani'-tu.iO' < '.ti Itui'i 1 i • 
nimiLu' w i\ t' ' t !.(■ K:'’l) 
\ lilv f ' M ( Ifjjt IM I" nn t f|i 


n 



-.1. I > ■ ,1 .. .s , ,|K 


I'iK' ■»)). Iilh^ ,,1 111. 

i .‘It. 


hell js nee»-s- 
mr\ 

153. Special 
?oi'nis of Car- 
b u r e 1 1 0 r . 
riiere aie a 

Lir' .d inimiiei 

el sj),'( I.il [mI Itls 

nf eailmielliii. 
|i»r wliieh the 
in\ eiili »i’s ela im 
nan. 11 kahle ad- 


vaTiiage^. ( )t 1 he-e iju' Ik-sI known aie the White ami 
J*0[)p(^ the t laudel lloh-on .ind the Zt-inlh hut thi're are 
many otlai^ in w ide-pi (aul u^e lia\inL’ le^iard le the LO'eat 
variations in the manner el wt* kiii'a ol these (‘arlmri't toi's. 
it is sin‘j)j isjiio that so maiiy oj them work so ninlorndv 
w'ell. The White ami Topp'- is illiistnited in hig <s:{ jt is 
jhnhahly tip; most sueee-dul of them all in n^spect of fuel 
ceonomy. It has uo addilioua! an luh I, and kt'ops the' mix- 
ture correct hy manipuial iul* the jet and the' air tliiotth' 
TIk' jet is plaet'd in the axm t.l a e\lindnial ehamher across 
whiefi the air llov\ i-. direi-iMl. I'liis ehamlM r is (melosetl in a 
♦ l eA I'.tr. ill. 
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hotter (hail is eiistomary witli ]K‘trol, a?ul a less weighty Charge 
is tip'refoix' enij)love(l which h'ads to something like 10 or 15 
per cent, h-ss horse-power being (h'vc'loped. When j)ara,ttin 
is ns(‘(l the eoin])r(‘ssion })re^^nl‘e needs to be low(‘r(al to about 
05 lb. ])er scp ije inst(‘;id of the ligiire of SO lb. p('r s([. in., or 
more, ^\ hii*h is usual for ])etrol (both gaug(‘ ])ressur(‘s). As was 
stated in par. 155, })arafrni is less h<unoge!U‘oiis than p(‘t?‘ol, 
and there is usually, sojn(‘ earborr d(‘posiled ; tluM-ylinders 
therefore- need more frepiamt eh'anirrg. The pn-senee- of thi^ 
de})osit ten Is to iiidu(*e ])re-ignit ion, an<l for that rea^fin the- 
eoinp essioii ratio is ke-pl low. 

155. The Cottrell Paraffin Carburettor.- This earhurettor 
is illustrated di<igrainniatieal]y in Eig. ^l. L i^ the pipe- which 
reee'ives the air aneljiaj'afbn spniy coming over from the je^t in 
the carhuredtor inarkeMl H. Wlu-n the-fne i ge*t^ to the hrane h 
pipe it divide-s rigid anel kdt to e-ithe-r end ed' the' vajiorize-r 
M M is shown in ^e‘(■•ti('ln at the lowrr right hand side e>f the 
figure-. Jt consist^ of a ee>rrugate‘d jupe- whi<-h is surrounde-el 
h\ hot exhaust gase-s and eonve-y^ m its interior the- air and 
jiaratiin mixture. corrugated j)ipe‘ has to he- kept liot, 

in starting the- e-ngine cold, proM^ion is made for woiking on 
])e'tre>I lor two oj- tliie-e- i,ninute‘s and then, tiie* pipes "M having 
;^ot lioi. t he- jiaraljin is t iirne-d eui At l> t here jia-'se-s a mixt urv 
of he-ateel air anel paraflin \a|Hmr The air is much less in 
prerportion than would ignite-, so at V an iieljustahle inle-f is 
tixe-d to admit more- air until the- mixture is of the e-orre-ed 
proportions. I’lu* pmpo^e- in not letting ail lliis aij' in e-arlie-r 
is that with a h-sx pi-opojtion of air the jiaralVm parlirles get. 
more edTe'< 1 ivcly heate-d anel tlie velocity e)f passage through 
the vaporiziiiL^ •( uIk' i^ slower. 

A variation ol this ariangemenl has heen trie-d for use in 
tlie tropics, wliere-hy air e)nl\ was ])a.s.sed tlirough the star 
IuIh-s M, tlien ifiroiPih a lagged pipe-tei an orelinary je-t e-liam- 
ber. 'riiis alternatiNe a ii'ange-nienl lias worke-d we-ll, but in 
tem|)e 'ate elimale-' hardly srems s(> e(fe(di\e as t he unmoelitie*<l 
tyyie- of earbiindtoi'. d’o he*gm with the- })arallin draws all 
its Ii(-a1 freaii the- aii whieh ssM-e-jis it along, inste-ad of hy 
actual rushing eontae i with the- hot vaporizer tulx-s. Further, 
the mixture ente-rs tlie e^Iiiieler imteh sooner aftef its creation 
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than ill the oth(‘r arrangement , and it is evidently advantageous 
to allow time for the ])ara11in vapour and air to mix jntimat(‘ly 
with eaeli other. A drop in hors(‘-pouer in the engine must 
he e\])eeted of 10 to 15 ])er eent. eom])ared with the horse- 
power Qhtainahle when using petrol. This loss is ehielly due 



Fig. H4. -Odttrol} Pamflin Cart»urot1oi', 


Stiown dia^iratunuitifMilly, 


io tlK- hislx'1' of tlie .■halt;.' ^ .i< h .J 

■i oivot, cvliiul.T voImmio oalurall.N mlMco I lio nvoi.L'IiI mli.iill. <1, 
tLv Salso a lo^^o«in,^;1..ilK. Mo.-.-a.y lovvonofi of llu' .'om- 
n,vs.i.m rafio a.ul <'on^o<,uont l..«<Ting ol ihcnoal ofhc,rm> 
it has son.otimcs lu-en t!, ought that, tins lowonng of 1. 

impression is due to f,-«r -f Ihc fhargo bomg pre-igmdd 
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1 throu'j;}! thr Ioav Umu- 

}v j)(*ratmv at wliu-ti 

^ -ft IKiratlia vapour and 

i'/ 7 ^ k , air iLUiitn suontano- 



'.J 





Olislv •. >"it t'"-' 
reason i- llml 
ill tl e I'l'*'"' pa: a- 

apli. 

'riioiT a izain. 

howoviM'. in that tlin 

raloriru' valuv of parat- 
li„ per pouihl 

ai IS 000.000 I't.- 

11 , auaiu-l aliout- 
I 000,000 i'or pet rol ; 
al-o an aiUaol.oae is 

panel in tin' sOiall.T 
riiii'-uioption ot loliVJ- 
>■,010” oil owio” to the 
Inline, oniu properties 
,,i lln paiallin it--elt 

156, The Thorny- 
croit type ot paratRo 
cai'hiu'ettor 'll"'- 
(v.Oed in I'os 
inaune. of uorkin” i- 
j,,.|ier.'lly -uoilar to 
that of the Cottrell, 
hut the heatinu M'l- 
faee is Ic-ss in pro- 
portion It work,-, well 
in praetiee, and its 
,n,Mle of operation is 


as 

'PIh- oil i^ drawn 
into the rapori/.er to- 
LM-ther with a eertain 

p, I, V 111 .' -I-" '''■'■^'"'^’ 7 '';" 

Ihninpd. a tldif ulh--l' I'CI-' ■ 


U'i> 

„f air hy iIk' sm-tion of tie 
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luL^li U’lhporal uu' by 1 lie ('xliausl ( (naiiiL^ from ! be engine. 

'I'iiis lli()H)Ug]ilv yajK)iT/.(‘s and inlimatdv mixes IIk' va])oriz<'(l 
oil and air, dlie inixltn-e is tljcm pa'-sed throngli a spiral 
sej)arator, wbieb se|»arat(‘s any solid matter fnun llie vapour, 
is inix('d witli extja. aii' as OMpiiied to fo]m an explosive mix- 
ture,* and tlien pa-s(‘d tiirougli tlie. llirntlle to the cylinders. 
In tlv‘ drawing, A is the ijdet valve lor ]>oth oil and air, tlH‘ 
valve being iindv r t a^-t ion <>f sjiring ll^wlneli normally he(‘j)s 
the vidve closed and the oil siqiply <' shut oil ; the oil entei> 
by holes in the '^•'ating. 'I'lie mixtme tlum }»a.sst's along the 
annular s})aee KH wlm-h is k(‘}>t neatod to a high temperatnn' 
by the ('xliaud. Ihming through tin* eenire of this annular 
cha.mber <is shown at b. The <uinular chamber, it will Ix' 
iiolieial is titt(‘d with gills t<* c nabh* maximum amount- of 
heal to be sup])li» d to ihe uuxiure. H illintrateb th(‘ separatoi 
for nauoving the solid jtaitiele-^ from IIk* mixture, and d tia^ 
‘‘ ('xtra-aii' inlet undm the <a)ntrol ol Ihe spring K. Tiit^ 
ttuision <ft this sju'iiej and al-o ot th.d go\eining the inhd of 
the mixlme U‘ the vapori/er c-aii he vaiied hy a .s< rew and nut 
as show’ll d'hn a^ i just iOent 1 ^ jnado \\ h( n 1 he (mgtne is on t he 
lest hed hefni'e tho hj.da' ti'ials 'IT*' outlet fioiu t he va]) 07 ’’zer 
to the nwdor is b\ pijs' I.. Th<-r(‘ are numbers ol ot her jiarailin 

carburet loi's, but tlie ]U'im-iple of operatimi is gent *a otiniar 
to those above desenbed, 

157. Theory ol Jet Carburettors, -'rhe eneigy ('((uatioi^ for 
the tlow oi any linid (li<|Uid or gas) is as fol]ox\s Pejry s 
A 'pplk*! J/rr/a/aen's : — 

I -f constant. . . • . ( 1 ) 

2;/ ‘ . ?r 

This is true for any stream iim*. 

r— velocity oi timd ni it. jier sec. 
g -- 52-2. 

p ~ ]u(‘ssnre in Ih. per s(j, ft. 

■?/’ - weight in Ih. of om- eu. ft. 

// -nieigid 111 fell above datum. 

If this equation be a})i)lied to the How- of air through the 
carburettor due to the suck of the engine, it may be simplihixl 
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ill many wavs. Wo want lo find tlio ainouiii by wbicli llio 
])rossin'(* iij ( Jr* jai'^iuny air iiiad(' lowoi' (ban llio almn>|ili(a'io, 
])rossaro Id Iho .''Uok of tlio (‘niiaiw |>i>tons. \\ (' start 

witii air at at iiiosphorio ]nx'--'^uro and do^^lty at no 
volocity, and wc (aid witli air at \olo(ity r<, pro'-Miio /a and 
donsity vo. It can tluai Ik^ shown from o(juatioii (1) avd tlio 
adiabatic notation for air that ; 

2 '.I V - I 


Tt is. liow'over, jio^vjlih' to um' a >inif>h‘! o\}>ro->ion t ban t bis 
Kqiiatioii (2) a''S^lnl(‘^ tbrd I bny is no Ix'at i(‘''t (M' caiiiod a- 
tlu' air ])as^o< t bronab t b(‘ < .irinncatoi'. w bi<li i" not striatiy 
true. Stiar M)ni<' d.oyirt^ ol ajtproviin.it i(in is nooo'^ai \ lot siiii- 
pliaiiy wo nia\ without an\ inoio -nious iiiaoMiia<\ noL'h'ot 
tlio ('banjo in (b‘n'i1> ol tbo an. and it tbon iollows l.roin 
(apiation ( J ) that : — 

‘If , 

" (b) 

•The pros^tiH* at tlu' top of tbo loltol jot iboi'fon 1owoi’ 
ibaii tb(' pto^-nio ^n tlw -uifin'o o{ p- t:<,l ;n tbo !'< ,tf obainbor 
by ()}> wboj-o ,)j) J-. jiMii lt\ iipiatioii (:;) A ^nnibn aiyu- 
mont* totbo abo^(• will --bow that tb(' !low of (bo potiol is dotor- 
innu'd by a foinmla ol tbo ''ana* t\p('. Ida’ a iKjual mioIi as 
petrol in wJiiob 'w is indopi ndcnt o( p. (ajUidion (1) bodoiu .s 
.2 

-b -pA" ■ (■(iinl<int, 

.\p[)lyiny tbi- equation to the dosim lino wlnob bo^nns at 
tbo froo ])('to.j ' ntlao<' di Ibo >ioat obainbor and ends in tla* jot. 
sjiray.and a'>-nni)nL' tlid t b(' top of tbo niottd jot is a iK'iobt // 
altovo tb(' jioltol lr\ri (m) that p(di'(>l has t«) I'iso tbronjii a 
^ In'i^lit // in tin* jot la foio il oot- to tlio jiotuai n(»/zl(') wo livivo 

o-f- -\-n-\~h 

vr 'Jf/ 

W'Ihu'O r ~ volooity of (low ol polrttl and vr - - density of petrol 
(i 0. tlio woi'jlit })or onbi‘‘ It.). 

* \i oil (•' Mij; vi'Otj iiy. 
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ITiei'efore 

ir 

- -h 



w 

Now by equation ( 3 ) 





-f/ 

so that ^ 

o 

i> 

..'"'"'■“V/i 



2vfv/ 

or 

e“- 

- -27// 



w 

d'his shows tliat r^. 

the V( 

hieity of air 


valii‘‘ \' l)(‘f(nv au\ jxlrol will il(»\v ai all It i?! a inat- 

ter of cominoij <'\j>c?‘i(‘U(‘e that if tlu* rate ol air How Hoiihli^s 
the Ilow iDoi'e than doulih"'. Let s(‘e if Ihi.v is so 

aeeonliiii^ to this fonmila. 

Inist. 1(H n. and then (X|iial 2<e The ratio of the 

s(jnair, ol the jtrir'H li i\v in th(' two easf‘s ‘should lliere- 
fore, ancoidin^ to e\}H‘rienei‘. )>e mor'‘ tlian 4 Lv fornmia 
(4) it lb 



^lijh 


tc,i 

w 



=.4+ (5) 

a- - 2(jh 
ir 

• 

li will li<" iiilcn'f-tiiip! to ^ot sonic oiicMtilativc ligiin s for 
this. W'lnit. for instance, will lie tl- ■ ratio if '• - tlO-l feet (or 
J inch) and ii is r.,0(H) ft. Jicr niinuie (S:!-;? ft. per sec.) i 
“ Petrol has a density of a.liout 0-72 so that 1 cu. ft. will wei^di 
0-72 X -t.t Ih. Whereas 1 cu. ft. of air wei>:h,s 0-1175 

111 . at iitniospherio tcniperaturc and jire.ssnre. 

Aceordiiif', therefore, to equation (5) the square of the ratio 
of the two petrol velocities will he 
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4+ 


(> :V2 2/'0'0-t 


=4 4- 


^'■'''V-.((i4•4XO■<l4) 

45 

7*72 


(i(MI 

The critical velocity c(('arlv 


xAv/// - 




'\^2/ 22-2 \/ 1550 ft. /sec. 


2,250 it. {M'rniin. Tiitil, therefon*, the air had tliis velocity 

5000 , 

- tlu' ('ouatioii 
(iO 


no jictrol would he cari'icd aloiu^. 11 <( 
(5) becomes 


4 -j" 1 d" 

I Mi 2-57 5 0 

- 4'S(). 


>otiiat u hen air Vfloeit \ ijieieuM-^ liomo.otHfto lo.ooo ft , ])(‘r 
non th(' pctj’ol v(‘locit\ js 2-2 liino a^ much and tlu' mixture 
therefore J-i timo a> rich or lo per cent, richer. 'This mi'ans 
that the amount of p( trol ])r(*scht jau’ cubic fool of (dr increases 
by one-tenth ]»art This ine(p {ilily is jiiost marki'd when 
the velocity of the air is only a little inoi<‘ than w hat is nec(‘ssary 
to feed the petrol, thus if the air vcloiity 1 k' incieasial from 
2,500 ft. /non. to 54)00 ft. /min. the petrol suck(‘d alon^ would 
be. inen^ased by no less than 420 juu' cent., i.(x th(^ (juaotity ol 
jietrol would Ik- 5-2 times as ^nait. ;_o’vi!i2 a riehuess of mixl mi* 
24) ti)ue^ or more than douhh‘ what it was ladoii'. In this 
ease, therefore, about twice the quantity of air would he 
needed, i.o. as mneh amiin nhist pass the additional air inlet ;is 
aheady })asses the ji t. 4'his simple theory aeeounts for pari 
of tlie extra, air necaled. It does not, Lowivm'. take aeeoniit 
of th(' ‘tdlVef of (‘(Idles, that may eirenlat(‘ around the j(4 at 
high air veloeitii's. nor do(‘s it take viscosity into aeeo int. 

It is po>sible that there are still further reasons why (^xtra 
air is needtd wlien the (mydne speed inereases, but the above 
are certainly .some of tliein. 4'he air velocity is hijihest wlnm 
the engine is running fast and the throttle wide ojien. When 
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the cncjiiie is ruiiiiiiiLf: fast hut is muOi throitlcd, as iu a ear 
Tunuin <4 slojx^, the vaeuiiiu behind tlie piston 

never gets tilled up willi air and tlie velocity of air ])ast the 
jet is not tliorefore veiy gn^at. ; going u]) hill, however, on 
low gear the engine sp('('d is Ingli and the throttle vide opcji. 
So that till' velocity of air })asj tlu‘ jet is not solely deptuidiuit- 
on the ei\(i,i\c ^])ced. "I’his makes ((rntrol of the additional <iir 
inlet by the c('ntni mrally o}»‘i‘ated govc-iamor not as uniformly 
good as could be wishi'd- it only a])pro\iniat(‘S to <‘\lrtMnt‘ 
cases, tilting ac(‘urat(‘ly the aviu'age onl\' \\ hen, liowcvi'r. as 
in t he Kri'bs carbur< tt.or foi- instane«‘, ( he <‘pcniiig ot t la- extra 
air inlet is eontrnlhsl by 1h(^ suction, a mueli rnoii^ constant 
mixtnr(‘ is obtained A eailum^ttor is usually set so that the 
right mixture comes a\\a\ from the jet at hoN spetMis with the 
extra air inlet closed, 'riu'ii as tho sj>e(‘d iLcs aihlitituial aii 
is allo'ved to pas- itt khom the poM-i'diiig <aleul. lions it will 
be clear that one caus(‘ of tiu* lack <d propoitionality Ixtwi'cn 
the air and ]>cti'ol vc^lof it ii's is the fact that th(‘ petrol cannot 
bo allowed to -tand at a, ie\(‘l eipial to the hoight of the jiU. as 
if this condition wia’o aiaivad at t<»t < losely llu're would be a. 
risk of th(^/ petrol oxaaiiow iug when sbiuding on grades. A 
further reasvin whii'h nial e.> it iiee(‘''sary,not to run the adjust- 
ment too tinely is that the h'vel of pit’o! in ihe thril « \ ''liher 
is bound to vary somewhat not only with the inelinal ion oi 
the tioat ehamber but also with baur'eratuie and 'pialit \ bf 
supply. In order to keep on Ihe sah* side the pi'tiol liwel 
must be several milliiiKd res below the t(»p of the jet. 

158, Ignition.'- old(‘st form of igndiou was to ignite tlie 
explosive mixtin’C' by a naktal llanag which was put into eom- 
niunicaition with the eyliiider through tlu^ mediufn of a sort of 
slide valv'^e. It is (jiiite obsolot® now, but tliosi* interested in 
the history of the subject will lind a fuH account in Dugald 
Clerk’s book, 

A later and more sueeixssful form was Tube ignition, wliieh 
consisted in having a short vertical tube, in eomiiiuiiieadion 
with the eylindtr end, h(‘ab‘d I'xtornally by .-,ome iiK'ans. . 
After the etigine had Ihch running a short wliile tlw lamj) could 
be removed (or tlie gas jid turned out) and tiuduaitof (‘x]>!(.sion 
was enough tolocpthe temperature up to the requisite point. 
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It is illustrated in Fig. SO. Tlie ^x])losive eliarg{^ was com- 
pressed by the inward movement of llie piston, and a ])art of 
it passed into tlie ignition tula*, the t(‘mp(‘ratme of which 
raised the t(*mpcratnre of the gas to tlie igintion ])uint. Tliis 
type of ig!iition ^\as \{‘ry largely used for gas engines, but it 
is now universally di^plaecd by some form of t'h'ctric ignition. 
It was also the hrst metlual employed on motor cars, for 
whicli use it was f( un<l t() be unsuitable. It is still ij» use 
wii h , oum oil (MiLones. 

Another method of ii^nitioii often u.mhI with oil I'ngines is to 
feed the fuel into a hot eond>ustion chamber conneeted to the 
cylinder. This nu'thod has alri'ady be(*n des rihed in j>ar. 
14(). It works veil, and (wam residual iul.s ean la* vapoi’i/.ed 
aiul ignit(*d in tiiis way. The method ('mj4o\ed on tlu* Diest*! 
engine is of this ty}>e. 

159. The chief method of i^ition is the electric, and it bids 



fair to supersede all the others. It is almost equally suitable 
for gas, oil or ])etrol engines. 

Electric ignition can b(^ carn(‘d out by (‘ither (1) high- 
tension curnmts or (2) low-tension currents. 

The high-tension currents may be ohlaini'd in one of lliree 
ways : (‘ither (1) (jy battcaies or (adls funiisiiing eummt to an 
induction (;oil, or (2) by a small magnet o-(‘lectric machine 
(called magneto ” for short) furnishing currents to an indue- 
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ti()!i coil, oi‘ (3) ])y a tha^j^iK'lo furni.'-liiiii' liiyh-l(‘n>ioii riiri‘(‘i)ls 
tlic ^])jirKii!i: TIh‘ low-lcii.-ioi) ( umaits aic pro- 

cliK'Cfl fi'oin a low - U'li^K HI (na;iti(‘ln. ai(' tlion'ftH’c inan v 

vai-iotics of ('icctric iynilioii and llK\y may cojudiicnlly bo-^ct 
out 1 1 hlS - 

l'-l( «‘ 1 1 ’la liaiHioii 


1 tt 


I'.iit. 
w all 


M - (.1 !!'~ 

lllillicl I'lll 


O V 
: I' o 


I { Ijll ( .'M (Oil 

(U 


Lou toiision 


1 a>u -O'li-'iori 




I 

{ (nL tit i- d I' li 
to'ojA I- 

J) 


( iio hi ' • • I \\ alt 

! |\< ( t lt,.l Kf >1 !1« * -I »t ( 


'I'hc nlili'l i' iM •""! it i> -iill seen liltcil t(i Mime iieti-ol 
(>n"iiic' ell li'iii'jii I- (iimi'i'iii. O'' i-J I'cl.il ively i.in' 

|,„"t \^U^ M'l'ii ni 11,1 e,',!; r.iH'iM.n,', M-lcm . (">) is 

Iif.irlii, Im mi-’iii' - I"| ' -|)r(il 'll l"U MOiioil 

(I) |. .Jinwiii'..' Ill ;il.inl>- mill lOii.e 1 hi-^ e ”'.■■■1 s nl 

Ih'IIiu -iiii|i!i'i I" si'i’'.' * 1 "' " 

IVf.MiMli-rnliiiu' mi-tlmil.-' lit C-' I'l.Oi'U'' ',(■ m " ■ ..i,', 

t.(l Ml\ Milllrtllillle .lli"lll ill*' ""i” ‘ '"'I "" 

I.lc'rlrical maUi r- il iM'li.nieli ln 'i' i' a^'' t.",' ''‘'M. i' 

ian mu a -iiaialil nmi '•'’f' ''ikI a ' 't"’ "i ' lai;- ;,,i in.'i a 'a 
160 . Induction Coil. 'I'lic iiKlurtiim i"d <•■•11 i i' "i a "‘'it 
iron COIV Iirai'iallv l oM-iMinn of a Ininiili- nf .'tiainhl non v.nrs, 
■mil nn il is eMapiied a layer e.r tMo of H.iek inMilated eo|,, m 
eomluetiini wire of il.e priftiary- or ]o«-ti leion-- inrmt^ 
Over tliis are wonml many lurns of hie iia.ii'mea 

,' 0 „oer wire eoiiOilnlin.u the re. oii(!ar\ - or iiiah-leiiMon- ^ 
eireuii ' "’Its are aiiplied to li,e )irimaiy eiirml aiai 

11 , e eurrent repeatedi;, liroken and lem.uli- I ly means of Uw 
,n,„.„etism of the non eore atlraelime a Mnall pa-ee ol n.m 

„onnfedonasprin.nl)iel.ea,rie.tl,. . nrrent ' : ""y-' i;'; 

0 'itfraeled inaaid- il loses e.mtael nitl, a plafmn.n ,on. 
■rod so breaks the enrrent. (To make the br-ak the mo.e 
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sudden it. is usual to put a coudeusei- in parallel in the eireuit.) 
This sudd(ai rise and fall of eurrent in th(' pi unary causes 
oscillatory currents in the secondary of a, vollace which is 
hipjher than that in the ju'iniary in the lalio of the tiuinher of 
coils of wire in one to the nuniher in the other. Owiiig'to the 
efTeot of the ina^nclisin in liu* iron cor(‘ the cuirent in the 
primary does iiot rise suddenly to it> full value.- It follows 
in fact the law 

('-■•') 

where 

I (‘urrcait in anu cres. 

V -- voltau:(‘ in v<ihv 
R ~ ]’C''i^t.nic(- in otmis 
L - M‘lf-indiic1 um in la'iiih'S. 

W - - tJiiH' in >oc(.n(U. 
t --- base ()f Xapcnaii lo^aril hnis or 

The unit of scK-induri ion i•^ tin hciuy li S lie the rate at 
whii'h tlu' current clianycs in ainpcri'-' pir H'l-onih the hack 
electro]no^i^ e Ru'ci' jtroduced . ], S. (hu- hernv is also 
detined to h(‘ the si'lL induct ion (•[ a cod m w hich. it tlu' current 
'increase at t Ik* rat(‘ of one ampcic per sc( ond. t he l ack E.j\I E. 
prcuJiK'cd i^ (‘\a<-1l\ <tnc volt. 

As an ilhid rat ion of 1 he t fic. t of i he ahov<* hn\ of lise (»f the 
current, take the (-asc f)f a coii in which !’ ^ah) \ L -- - .u-5 
and A r- nO.OOo. Ida n the linal and stca<iv vaiia* of the 
^ , aOtMKi 

current is clcarlv - - - or l<M>a]npcrc> d hi^ ('urrent '>no\s 

r.oo ' 

up from z(*io and it is of inteiest to cidculati* how long it will 
take 00 ainjicres to he lh(‘ cuiVcnt tiowing. 

00 loofl f >"ai^ 

t 

or e I (M) n-IO 

So that ( alioni second. 

The ennent thi'nlori* ri'-cs hy no means ith^ifmfdueov.'^ly 
and this leads to IIk* “niake' of tla- ].i>mary euriamt, pro- 
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iiri.T 


ducinfi; a niiicli less vi,!ior(ais s|),nk in llio socoiulury tlian dons 
tlin •lirnak.” Tim t'rnak is alniosl iustaid ancons ; G a- only 
Ihino tliat lends to jnevent it being so, is Ibc energy of rush 
ot Ihe luiinary eurrent nhieli jTiinps over the gap in its earlier 
stages 'I'lie 'enerev ston'd up in the Ihnviiig eurrent, is eipial 
to and it is to piovide a eonve.nieut snaiup to tdisorh 

this' suddenly released energy that Ihe ,'ondenser is iirovided. 

161. High-Ten- 
sion Coil Igniticn. 

indiici Kill 
odil Minpl"'! 

with a l-m-lon 

I'llllCllt ''d- 

j aiiH'd i 1 ' 'JM I'll I h'! 


1 



hattrrii'^. ac. 'iiuii 
lat.ir <v!l- '* 

.suiia'iU' itauiiD'ti). 

Ill any na-i' lli<' 
jMiiicipln *»i' 
inD is t!a‘ ^atiu , 
T!H-]iarl;,ua]. 

Imu, d-K') i-"’ r^'** 
in 1 lu' (' vinalt i’ a.T 
slioM n in ^ > ? 



SS SiKandiM. A ,, s7 - ( i. .fi'.oi- 'shduin- uk--!- -'i 
rolalni,^ »(tnl<il ^ ^ lt«ai' i/t«n i-nl 

pi'ojiort I (1 n a 1 o l.y lMa,,jia!: iiH-ed s.g 

tliat, of the engine /. U.a l.o.^ii 

mti,:’'i;o" Ti- -■* 

trihutof distri- ,S('C'iu<itiry wtiitliiifr isotutlttl. 

butes the eurrent luqipuis therefore 

'AT- The tTiThhne blade on the eoiL- called Gie treiyier 
‘ 1 TrT • d'h- and produces a shower of sparks in 

vihrat,es y A' .responding to each break of eur- 

thoseeondaiy (m ■ • c-ontaet-ahout a dozen 

rent in the i.rnnai t . D „ 

riTa';:-:'v;;:;.Sioi:;f.his.neihodis^ 
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nl.n-cd Inslca.l of n t.vinl.lor a. tiiiilo.l by (!»• Miay.u'liMn of 
tl,o in... coiv of fill- coil, flic C...TC..I i.. (be |.l■illial\ . ..( ..it is 



nia(l(‘ and di'okf'ii tlu* 
inaki'-and-] i'' {‘it'-di to tin 


liif engine A int‘<‘li;nnr;d 
d .diail <»[ lilt' t'ii-iii(‘ 



j’l.i S'i 1 ■’ “ 

• . 1 . 1 ! ...li, i: 

;,|1 111 ' ' !' 'l-t' 

iiinl .V aH‘ 's'A i’ ' 1. - t' - 


111 1 *’)? 07 , (-'.('‘‘jit tiint one troiriMET 

1.1 (M.'i. until 

^ t ’ is i!;' loMMi.u'i ii)u 1 ;i''t maker, 
. (.j! c ill-, V, mil iH V' ' ry . 


80 ila 1 o |.,M !l|c(-oi'l-|.a.!. Olll,' ill 111 ' cvlbiclc.’. 
to rill" the cbaii-.a C .... ;lo' loi.o of iu|,iti..ii m, ; 
great .uaiiy vaiidi.^. altl.o....!. the <lilfeic..cc.< 


It in ptiS'^idkt 
to j>iM(l\ict‘ a 
ln'twccii tlieiu 
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iuv hardly fundaiiK'idal. Illus- 
trations, j(‘j)r(Klu(‘(‘d IVoni Mr. 
Strirklaiids um'IuI hook, arc' 
shown of sc'voral such nu'thods 
(.sTc S7, SS, St), and 91 ), and I hr 
h'D(aj)rcss at 1 hc' font n| each 
will sullicc' to show their ddh r- 
VlWVr- . 

162. Lodge (Sir Oliver 

LodLie) ^\-'1(‘ln oi i^niti'Uc ju-1 
til'* sM'dinarv < oi) <‘ind ac^’innulai oT' 
itiiiil ion in w hich I i)e hiiih-tcii.'-e >ii 
(uioail instead Ik-iiii! j»aNO-d 
dirc'ct to the plicj-' 

Tn,«.dt' to ihai-L'C up the func! 
eoatiniis ot two Lc\dcn jai''. 
When the- j<irs arc ' fuM" an 
external spark ga[> placed in 
paialiel with thi' jai< htcai.s 
down and a >])a]k pa.-(\- 1 h* 

sudden rc'h'asc' oi tla* ('leetric 
cliar^M- on the nu.ei co-it> ol the 
ni^h of ( iurt'nt' from the (Uitcr co; 


^PkAAA 



9) — 'I’ho .JTTHlim'llU'Ilt O* lOLT'i SS 
‘mul sa, .‘X(v]>t llMt sM-oK.t.ay 

CMrr.Mit diAnbuUMl du. .-Ov 

(.nU o.M ro.i n. ^,4 ioi 
j,ll four cNliudn-r. '1 1‘'- di-id\.\n^ 
\n<H' 1 ^ that Itif Jii^'Ul.dion more 


dithcult k> i-nsuiv 





.1 

j',,’ '(d Hi'Oi T('ir''ion. Soark 
„u l-i. ' t. Mrlal Kod ; 
y;, I'. .•Kill iiisulahuL,’ 

M* . \ « , k. (.land ; !K n<>d\ 

.‘.1 ri!(,j ■'< iru ini' mto cj lin- 
d'‘r : /a Sp.u Kill : 1 '< 'inl -> ; 

Wii*-^ fi’eiu 
II. r M iLii.-to or (’oil 

Levden jar ' .1 Uses sueh a 
at ing of one \ ' <■’' !•' t t o 

( h<‘ ot ! ii ’ . and ,‘0 n 1 1 a 
viok'iP (.-eiPatioii *10 and 
fro «,f Die . tu r('iit ohci- 
ward> that lefliiud 'wil 

,Ntand in its patji. It 
hrc'.'iks throeoh oil lilms, 
S(ud de^^osit of all kinds, 
xvati'i or anythin^ else* 
tliat. there may In' on 
th(' i'unt ion j'oints : ow- 

ijiy t(> its luLdi fre((U('i’' \ 
if. also tcaids to take 
.straiLdit diHd-t coiime-, 
aaai therp i' ldt^'‘ dis- 
position on it> ]>art t'O 
seek any short eireuil 
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of a torluoiis kind \\liiili may lia.))|(cn to bi- m exist- 
eiK‘('. 

sliows (lia'MaininatitalK (Ik* arranpiuoiitfs of the 


O' 



hiiiili-loiisioii cuHiiit-. 
l()\\-t(‘nsion cir^niit is of, the 
(Mi'-toinarv foi'in , ('Xet^pt lliat 
llic 1 r(‘ni)>l('i‘ s1i()\ui in 
!K> is of an (‘Xtra s(Mi>itivo 
ft nan. 'jlie tlislribiil or is 
placed in the lii^li-lension 
('ii'fiiil. d’lu' makers of llbis 
}ij.nilion <\sleni elaim that. 
oANinu 1o ilie adjU‘'1m('nts 
m<nl(‘ n»» pn-'-ible ta’i'oi’ in 
Ihe lime (»f lirinii can arise 
\\ Ini’i! (Acoft U ,d li part 
of a M'fond. AFo llia1 in 
virt lie oi 1 !io nat ure ot 1 lu‘ 
spark Ihc' A-iem is par- 
li^-ularl\ siiilablt' lor nse 
whenllu' inel U'-c'd is onc' of 
ila‘ heavier f»rands <if pc'troL 
(tr paradin or olli*'r lic'avv 
oil wlneh mayeausc' carbon- 


ac'^'ous ' dt'posil on tb(‘ i'anilion jthei.''. 

163. Magneto ignition ina\ be eillier lihjh (msiot} or h/ir 
feihs'oi! No I'oi! i'" iisc'd and no batteries or e<*lls are wanted. 
T b e I o w - t e n s i o n 


Set Screw 


Brsss Bridge 
Brass Binds 

1 

rri *, V 


-A 


rr 




LockingSerew 


Hammer 




melbctd ])roce(‘d> on t b(' 
prinei]>l<* that whin a 
eurrc'iit is tlowing it 
has energy of motion 
eqnal to JLT- (anahtg- 
oils -to kinetic mieray, 
and that if 1^, 
the self-induction, is 
made veay greaU and I, tbe^ current, as givat as eon- 
V(*nient, thc' (*nc‘rgv storc'd up is so considcu ablc‘ that a 
large or “ fat ” spark is (aiused to occur wlicn the 


Platinum Points '''' 


ViC, 


• Iron Core 

Hub her Stop 

Si‘t('iti\c 'rn'iutilifr. 
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circuil is siKldeiily l>n)k<Mi A low-ii-nsOm ' or 

(‘Ic'ctric* L’oiu'ra t ol', is dc^iiiiiod to cause such <i cun* id to 

l)c pa.s^in^ at the luoincid wlaui i^ndimi is dc^ircd to orciir 
and, at th(‘ same in^lant. lh(‘ eiieml is nua tianieally hrokcMi 
in t.he. e\ limh'r and a spark passes. lAAr. 91 shows diagram- 
iiMtically 11m winoL^ for this s\st(an and th(‘ spatkin.i^ 
u^ed. A larger vi<'W of su<‘h a pluir i^ seen m LijZ. 9."). A 
disadvaidage of tins system is tlie. ini odiielion of moving 

1app(‘ts into the cylin'ler, and lh(‘ 

r m-essary jimvLinn of nusins tor 

J|t] <)p(a-aiinL^ tlnnu troni out 'd ie. 

1 / 3-/ 164. The High-Tension Magneto.-- 

In till'- nue hine llieeummt isgenera 1 (‘d 

t)V ,1 >iiutt le aiaiiai mv which lotah'S 
Y 'j lu‘1 w cell a he poles ot >itiong steel nuig" 

h 'f, „(.ts Tlnkrolation *f t his arlnal ure 

. ntuLMua'.’iudu' tiold results in 

I ■; ,i,c indurlion in its winding of an 

^ •' chslnral '‘urient whieli is utiliwul 

the ])ur[>oA ot iLMiition 1 lu; 
1 rri jS •innalure i' wound in two pails, of 

V t- wliieh oiKi i.' a primary winding, 

- - (i- V- - con.siding of a fe\w tmn »t lasivy 

A Winn and tlie othm' a secondary wand* 


Pig, 94 ' how ' Tonsion 
Mauiirlo A 

and r, io -uoiolo 
maohiiio --h-ovn uiu- 
^ r am jn a I O' ally, 
SjKU’lv ' d t uutacr 

poHit \stwir . in mi JS 
an.l iaolv'Ti. x.>, 
J.cxrr worked I’V rod 
rniinm;^ on ram A 
Cam on lialfdimo aiudl. 
At lli<‘ monuait wlion 
tho maun.’to ])a.sMng 
its nuiMiuiun enriviit 
around the eircuit. tho 
cam caiist's the ciyuit 
to he broken at ( , .'-o 
producing a spaik at 
that ]>omt. 



fiJk 






Fi,. r, 5 __Tvpical Low -Tension Magneto 
^ l^nark’ Plug 11 w ill .be notie.-d that, tins 
Jwt.MU ol Ignition re<iuim. moving eom 
h- die eyhnd. r, winch the high- 
tcnsion sxstem does not. 
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jiiii. consisl inu many Inrm 
that a liiiili-t(aiNioii current 



Ki(,. at» - Oni'.uif \h'\\ of }{ 'r. 

( V tvA tt'U''iou 10. lu’- 

liotd Ift Ot l^otioiwHy SHollor 
slui])t\) 

I'C'iit may be ]>rnduco<l 

iti this ^aj) is, of cour.se, of m 
valve or l}ye-})ass. 


, of line wire. The effcad. is 
is ^i veil off by the armature, 
as lh(‘ de^i^n practically 
amounts to the inclusion in 
the armature of the wlndinyes 
of an induct i<m coil An 
out>id(‘ view of this magneto 
is shown in Fi^. Ot), and its 
manin'r of working is sliown 
in JAg 07. 

'J'liis system hastlie advan- 
tag(‘ lliat no moving parts 
nc<‘d to be introduced into 
tlie cylind(‘r in ordm’ to pro- 
duce a sj)ark. The voltage 
is so high that a saf(‘ty 
valv(‘ s])ar]s-eap is usually 
litti'd in ]>aralhl mair the 
magneto m ordi'r to allow 
aijy unduly liigh voltage mir- 
to pass across it The spark 
> use exccjit to act as a safety 
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165. Dualli^nition. In a lorm (*f nuiiitu'lo 

;ui ,K-< nninial<)i‘ and < ml j'^ ad<lt'«| 1 Ik* roil d.i(‘> iIn 
own inaki’n- an(l-l)]-(':iKim: but tiu di>U'ibu1 oi and t t.o spai kiim 
plinja art' ronuiion lo l)<‘tb ^_Astoni> In laa-inal lUiiiiinji ihc' 
fiiauiintn In swilOual on . bill w lion slartniL: iIh' ooil in UNod. 
It i‘a-«\ to lt‘ll wliicli In in iino. as I b(‘ ooil niakos ajni'/7an,u 
noiMo d’lns Msban ha- bia-onio |*<>jnrlar -moo IJ'o aomiraoy 

o*i mannfa(*tnn‘ it potiol onainoN Imn riNon to suon a liiLdi pitoli. 
ddio lit of I bo piMun. piston rin-^ and vai\os in now ><> muid 
that an\ oomini-sod tlioro may bo in ti.o on,L-ino on stop- 
wi'll--1a\ Manpo'-^od ioi- sonio limn-.ind m mo-l .-asos 
t}i(‘ on< 2 in(‘ vuH --t'ait hotn ^ -t moro]\ -wilohitii: on tho 
cod iimdinii sM -.'Mil- tbo kiboaii' ol inrnino; tho cnyino 
round lo^ tho -tartiim handio. Thi- s\-lonn of oonr-c' is 
sp,a'ial!\ a<la‘-nd foi tia taliol on.Jua- nsod on .motor 


‘ol tia ikIioI 


•I'or ua'! omiiito-, iai * 

low'-toiision m<'L!ia'o i- 

ooouiN at oMo ti\od p mil 
bo \aiiod by hand oi I 
cimini'- havo two hnjn 
Iho oao ii'itn moil than o 
(•\ploNjon I im o-int aiii 


iiL^' OI small, tho ordinan .nuh-, on,-ion or 
m mnphood >nmiti'no- th<- oinition 
p jj,,l 111 1 !,c loko Old somct iiiK s it < an 
f,j l,v MIC <n don od a nox-inor Soni(‘ 
i.jn tension plim' m scia- -o a- to iLnilo 
^, 5 , ,,!•(' point and so pn.diao . more rapid 
pli,- .linlll.i IIOVC'- !>(• |H,' 'il< 'il.l 


' ( kc- or rSr .» -AMVe l.KU Ir ..nMlll,-. 1 uhi'h 

;,,|i rau-e ami )K.asiU> l>ivaK il,- •■a.ndrr hoO 

and so l(ad to a had arcidonl. r , r , 

166. Timing- of Ignition, o.,.- of . ,„o., -■-a. ad,us - 

I I tlir i''nilioii is its tiiiiiiiir I hat i.- to oiv . llu jiuii 

kn.'d't tho ,n7,m-nt of spa: kittg m t ho oCi„.l,-r If llH.sp.,k 

■a fr;;:;: ‘:::a 

vilh tho oonsiapionoo miuin , , 

I 

i„. „ I... IS" 

' I 1 , ^•o siiiiU coims- ihcro IS a kmioK m tia- 

'"‘‘A ' , Ihr ■Mii-'oi, on-t.rs Xormallv tla- spaik 

d'''', ,'''odr'u!t as ft pistoti is at. Mu top of its slioko, 

""'"'“f' ssio 

a,/.,..".. 
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dead cent re so that maxinnmi |^>re.ssure is rc'aclied wln'ii the 
2)1^1011 is just its stroke. Erigiiie s])eed is, how- 

ever, not the only eonhderalioii aJTeeling tfa; tinhng ; when 
rnnnijig witli weak mixlures the ignition tak^^s lonmw than 
w ith rich mixtures so that to use a \\«vik mixture j1 is nec'essary 
to " adyan(‘(‘ " the spark, i c make it oeenr earli(*r. It foll/tws, 
thei’('fon‘, that in the 'ordinary running of a ('ar the ignition 
requires as mucli att(‘,ntion as the throttha if the enviiu* is 
to work at highest efiieiimcy. An additional eom])li( at ion 
arises wlien coils having tnanhlers are used viih I)a1teries 
or ceils, as the spn(Hl of ““ tnanhling hemg naturally in- 
dejK'iidi'nf of the speial of the engine, it follows that at high 
engine speeds ihe q)arking in tlu' <\linder i^ apt to la 
somewhat ('rratic, sonc ime^ (aaning e.trly and some‘i'ie> 
late. . 

*Jna pajur re.ul h\ W. W alson h<'ha‘(‘ t lie Ih^al ,\iitomol)ile 
('luh an anlercsling aKaaint was eixrii of cciiam expei iincnts 
imdm'taken to aMaa'tain iIh' ehaiacirr of 1h(' -park in ivl.iiion 
to ]>o\\ei'. The engiiK* iiscd was a t w o-e_\ lindei oiug it-o in. 

,4 in., with me('haiiicali\ op(iated v<d\cs Tlu' sparking 
plug was screwed into the caj) used to elo.-e the holi' oxer 
the inlet valve,, the sjarrk point ^ being well inshh^ a leeess in 
this cap. The whole of the (‘Xjjmanuaits were made oh one 
cylmdi-j only, the otlier being operated xxith a trtanhlcr coil 
and hatter}’. The specal was n.vn/l.ooo I'ex’olutjons pm’ 
minute. It has often been claimed that a “fat"' spark 
mqiroxws the running, and that this was <lue eithiT to (piiektT 
ignition of 1 lu* chariri' «»t to mori' regular liring, Exjierinuails 
with a ti’imihh'r coil showe«{ that aitiiough the w< aloming of the 
eui'rent was foi'md to mdure the m(‘an pressure, yet this rould 
h(i hrniKjItl back U> Its ntiaihal valui' by advancing Ihe spark. 
The result of this seiie.- iT cxjierimcnis was to lead Whitson 
to the following con(•lusion.•^ 

1. As far as a pet rol engine of the type used is concerned Abe 
character of tlx' spark whieh ignites lhe< hargi‘ has no appri*- 
eiahh' inllnence on the power developed. 

2. W it li a trembler coil t he t ime ;il whif-h the spark oeeurs is 
liable to vary greatly, and <m tlii^ account Ihe penver d<A’ eloped 
may be eonsideialily iX'dnced. 
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I'lu* variation iii (lie liinrof lirinLi; ot»taiii('(] w itlrt!(Mnl)l(T 
coiU 'lilTctvnt foj' diUVu iit roii,^. and luana* a. tnnll i-( yliiaU'r 
in ^vliicii a scparato i‘od is used foi* (n'H'Ii cylindr] is 
unlik(‘!y In df'\('io)) inavnmnn jxfwrr, pari i( nlarly at Itnjh 
spci'ds^ Ou* i'(‘a^on fx in^ lliat altliontili ihr ti’i'inbki's of ihi' 
roils ‘niav ]M)S'<ilt!\ ix' ad jnsird. for .some jiartienlar \ o1Ki,l:(‘. so 
that each e^’lin(h*i iiros at the -^ame point of the ^-ii'okc, ud- 
this adpistnient will no lonLU'i h<- tiair.ii the \ollaae of the 
l><itter\ pajlanlaily if it fall- mui-h hclow tile value 

for w liifh th(' trcnihlci- weir adjiisti'd. 

4. When a -ineh a'<a> is n-rd in r(anhinali»m \Mth a liiLdi- 
tmision di-tnhiitor* it n of \er\ ‘.neat iniportanei' that the 
(‘linen! in 1 h(' piiniarx deaild ne\ei i)(‘ allowed to fall to a 
value near ttie e/ili al x.dia* lor the jiartuailar cod In this 
e()nii(Aion it mav he imntioned l-iud, m Watsons expel i- 
('net' when lh(' tieinhlei- i>^ -o <i<’.jint(‘d for an\ eiven vitlta^^e 
of tlie l)<i1t(']-\, i t' f<»r a .ai\en eiirumt, that I lu* note jirodueed 
is \'er\' elea r ;i nd ' pinx'. t hen a \au'y sli^ikt decrease in eui'reiit , 
dn(‘ til a nnall fall ii* the xoltat-e of the haiKny. v ill <-aiis(' the 
tiniiiiu! to lx“ d<'tt<'tive. ow inuij ti' the region ol tlu* entiiai 
eiirrent ln'iiiii appror-ehed llenetn with tlu* normal enrixMit 
imssiii;* ie 'Aith t h< ha1tet> fully (•b.m-al it i adMsa1)lo 
to adju-l th(‘ treinhler -o as to j;i (‘ a sojm*w]iat Si, ,-ii and 
shrill sound for then thedirnmt ma\ he eousi/h ra]»i\ nilmrd 
hcfoix' the eritieal vahi(‘ is leaeheth 

а. When selcMinti a <'oih letiularity in tfie workin^^ oi the 
Iremliler lor eonsidiu’ahle xanalion m tlic eurrent jiassiiig 
in the primary i ; of more im]K>rtaiuv than lenj^th or iatru'ss 
of sjiatk. h'nriher. a eoil taking a small eurrejd is to he 
jueferred to one taking a laige mirrent, sini-e trouble with 
tlic adjustment of the tremhlef hlade wall he dirre.ised, o\\ing 
to the red need sparking at the plannimi ]>oints with a small 
oiuTent. 

б. Except for the fact that the engine eamiot he ..tartecl on 
the swit 'll, tlie jilain (‘oil with a rajud break on the Uvo-to-oiie 
shaft seems jiiaderahie to a tn'inhler coil, since over a very 

jany (.t cuiTciil- in fad, «l.cnovei- lia- OHnriil is largn 
ononpli Ui canso tlic pa-'^a<>c of a si ark in llic cylicdcr- the 
tiniine is cxadly the same, Tlie advantage of the treinhler 



274 THE INTERKAl. COMBUSTION EK(HNE [chap, viii 


be reiaiiu'd by using a switch, so tliat. after the engine 
is started tJie trembler can be ent out, allowing the coil to 
act as a plain coil, a second condenser being }>rovid('d. 

'Fhc two dia- 
grams shown in 
Fig. Its, obtained 
by Watson, ilbis- 
Iratc the advan- 
tage, so far as 
t'conomy is eon- 
cim'juhI. of advanc- 
ing the s])ark more 
than Usual when 
(‘ni|)lnying a very 
weak mixture -- 
that is, when driv- 
ing with the extra 
air valve a.s far 
optii as possible. 
The lower tiguo' is 
t hat obtained w hen 
the spark is as 
much advanced a.-' i> advisable wh(*n u>ing a full mixture, 
aigl the 1.11. F. at I .ono KWolut ion.-, was g-lhl. Intheu]»}>er 
figure the sjiark lum been eon.^iihuably fuitlu“r advanced, so 
as to allow foj' the slow burning (d a w('ak mixture, and 
as a re^ult the l.ll Ih at 1 .000 is g 70. an increase of nearly 
17 jKTccnt. in power, the consumption of petrol remaining 
the .same. 



EXAMPLES 

1. An fal u^e-. 0 8 lb, of k< ruMm- p»‘r actual 11. T. hour ; one 

pound of kfro.M'oc out 12,000 (Ml. lb in »'oinbustion, W h: 

'is tlic cnicicncv of the (uieinc : (B. of tk, 1011. 

2. In the tu^it of an oil (Miluho tlic iiiial\-i.s of the exhaust gas. 1? 

volume ga\'(’ ’ ('O 2 h p'’C eoiit. ; O 111 jar cent. ; X - 0 

per cent, I'Ju', oil analysis was 11 h") per cent. ; (J --- 85 per cen. 

Find the exf'os air and the total mass of products per lb. of oil. 
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3. U lifit \\ri;j:lit »>f O is fnf tlir of 4() 

gnuns of iilt'oliol ((\, [!,,()) ‘r W’Juit woighl nf (’O^ will bo luitl 

wlial- .vvoiglit ot AMI I or ? 

4. I’ll!' following (lota, aro iakoii from tbo lost of iiii oil oiigino ' 

1 . 11 .?. or,. 

*< )i) iisod jior liour - - 10 lb. 

('aloritii' \iiluo ot Dtl l'.l,.Mtn 1'* 'I’li I’.V por !1», 

11). oi a*! p, r lb. of Mil - 7<>. 

.liukol orx'lnig waior in lb. por min. OS. 

4’oniporai uro of cooling w.ilor, inO t <12' F. 

TonipoMtuio of (ofilinu watoi, >nllol 1,“>S' O', 

'IVniporat uro oi oNban-^t ga-os b'.n ’ 1'. 

'rompora-t m‘o <4’* onintD' looni'-rit 1''. 

Spi'oitio iioal ot (‘xbaiif-t ga-o.'- <<2I. 


r)ra,w up a table -b tw ing, o'- [•otoonla'io.". bow ,t Oo tct,.! b, il ot (oin- 
busMon js disi nbiitod. 

a. In oil) ptaind ot jioli-ol tin I’o i'- 1) SlO lb. -ot oaibon lul << lal lb ot 
b\diogon, \\ bat lb)' oal)»rib< \alu)' ol jioirol poi ib g)\)u ibal tbi' 
<‘aloi ili) A able of oa rbot) i.- S. I ‘O’* ( ' i 1 I . pt i lb ai.)l ol 1 1 20.1 bb ( .11 I . 
pm’ lb \\ bat wi’it:bl of O i,' ropi.n. )i ba- oon'pl- o oombu^lion oi 1 lb. 
of p)'irol? <•*' I'-’ 

0. d'b. area ol a p. M’ol ongn.o diagi.m. I- lu.Miig tb' planini) tot wbi"b 
subtra. an.i ad.b prop.-iK) I 12. xp inoin , aii.l n ngib tparalb ) 
to tlio a1nlo^pb.•^i) bn. i- b. SO m ; wbali^jla Mi'i'.ig. bo ..o b li ol i li.^ 
tiginoV* It 1 III piv.^uD- n ptisoni^ 7b ib p<'f.'i "..b. a,i ' i-tb.' 

inoa,n )-lb)tiM' pn -,Miro : 'I’bi- pi ion is 3 0 in in diamoi< r wnb .. 
.strolo' ot 1 in Wbat IS llio w)ak doll)' in Ol.) " It t b.-io mv .Sbi) 

cyck's por niiimto, A\b.it is tbo lioi’''<'-p<w. . t ! 

7. A j'otiol )'ngino waaking on tlu’ Olio <a.-1o has a, (Abtab r 1 nn 
cliaini'bT and b ngtb ))f stroke is t in. Tb.' OM.npr.'ssion vp.m. n ‘ 
volunu’ \s.Miniing ih.’ brak.’ tb. rniai ol‘ii.*iono\ lo !» 2b p. i o<yt., 

r„„| (he u 1,^0 

r ii.tii. if 111 III!- I'lid '.I .-.icli MK'i 1.111 sfr.iki’ till- «li"li- ci Ivi'l'-'’ ‘'lli''l 
Mil'll iiri i\|i!.’M\i' iiii'itiiiv I't 1 hIi'<-1 mi|.imii- mill iiir, I.hmiic h iiii'i.n 
ciiliinlic viiUir of .')7 ('.11.17 pi'i i’* fl- .... 

8 . A l-i-vl.iiil.-i' pi't-l 'i'")-"- ‘Ovi-lop- *•'" :Ol.l>. Ill r.piii. 

Wliat is till- 1111-1111 iiiniiiifi'-flii l omtIoi’ m lli<- i-r.i ;l. slii.ll .' iim 'iImI 
must. 1)0 ilio riUio of I ho p'.-imii.,- holMoon tin- i iiymo and iln- <ln\iiiK 

axle, so tliiil. tlio oai- sl-oo'l >- 'h* "■•I'-l'- • '™;' 

-esistanco of the oar iii.wliiiioi-y is 20 por oonl. of Iho p.iM-or d-vi lo|i-d, 
,.at is Uio toPil i-xionial ro--i,-li.iioi- aKidnst Minch the oar is ilruon 

sli 


, noter of the roar road mIuvI.s is 32ms. 

lai-oi (I!, of I‘,., Mil 1 ) 

<' 9. In .a Diosol onirmo (ho oompn ssion ratio is O S and llio .-Npan- 
sion ratio 7-5. The indicator cards give a nett 1.11. 1 . ol A and hi 
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(lil (*on.siinij>l ion was (57 lb. pt r hour, of caloridc vaUu* 19,!100 ll.Th.U. 
])(T Jl). (,'ak‘u1atr ihr ra,(i<^) t»f llu* acinai Ihcrmal I’nicaaioy to tlio 
tlH'jiJiHl oflic iaiKy of an uloal online, n'coix in^j: itcat at constant pn'S- 
suro and rejecting: it at con.siant \olnrnc, tiu' cunipression and ex- 
pansion bcin;j: adiabatn’ and y ~ 1-4.* 

Id. In a rnottT c\o!(‘ of 3 J.li.l’. the mass of petrol nsed-diirin" a 
4 hours’ run at full speeii 8 lb. liighest t einperalurr' in tin; 

(>npine e\ iinder is F. and air is drawn in at bO" F Find tlie 

tlurioal (‘t’fieieney and compart' it with tliat t lH‘t>n'iieall_\ possiblt'. 
TIk' t'idoriiie \a.lntM)f petrol u-v I8d»dd Ib'rh.U. peril). 

11. 'rile (hiomi petrol eiipne develops 50 at L200 r.p.ni. 

'I’liere are 7 cylinders each of bon' 110 mrn. Tlu- stroke i,-^ 120 mm, 
and ('aeii e\ linder iiri's once m two re\ oluUons. I'kiid tiie aAi'raf^o 
bra.ke mean prt'ssure (aPK 

12. Air flo\\s ihnnieb an oritlee from a reser\oir in ^\}llell the prt's- 

sure is P lb. per s<p fo(>t . ami tempeiatun T int{‘ a. re^jint) of low er pres- 
sure. bi'at bein^ mitlier reeeutd nor n'jeeted dnrin^^ the ojH‘ratu>n. 
Obtain an ('.\j»ression for the niaximurn diselcir^'* in 11>. j>er st'C, in 
tt'nns of P, T, the efieclive area of t be orili<-e and t lie r;U m of t be sjx'citie 
heats. ;Meeb. Se. Trij)ov, 1004.) 


• Cf. Fx 32, on p 43. t 107. 
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Petrol Engine Efficiency and Rating 

ErFH’IKNTY I M>Klt X/UKiTs ( ONJUTIONS liliK'T OF (''VLIN'- 

i>hK l)|\IFASM)N> ON I'oWI'K .AN.) Kl’MMrNO — lisoFM' IvAl’lNt! 

1 {A('. Ill I I ( \vl f I M' \H ill !.!' OlTKX'UOV Ol 'I'W O STFtOI.l'] 
I'isolM - ( ‘OM loN 1)1 j’iMIM ei AS ittlA'lEI* '10 

Idi'MCJi NN A'- .Motor Vi.iin i,n TiS'o-;. 

107. Efficiency Tests on Petrol Motors, of ino most, 

tosts Uial liavo Ixa-n carried out on petrol motors 
have those nndcital.en in the KtiRinei rinu^ j.aboratorv at 

( 'anilii'idiie under l’?(J(‘''Soi I loplvinson. 

Jn OIK' set of such the I'n^im' n.-ed was a Hi '20 il V. 

Daimh'r ionr-e\ hndt'i enitiiu' eapahle of rmiimpLi ‘‘‘ ’ “ 

1,400 revs. p('r min OHk'I' partienKu.s were - 

Total volume of one ('vliiider with 

piston on out (‘entre . . tnOd eu. ft. 

Volume of (‘Oiujuession spac(; . ()-0l04 eu. ft. 

("omjvrt'ssiou i.dio . . . d-so 

Diameter of eyliuder • . inches “ 00 mm, 

Len^tli of strdve . . . Ti l 1 inehe.s ~ 1 :{0 niin, 

The indicator iisod was a rgtleetin,^ one of ilie jiiston -tyiie. 

The tests involved llirce sets uf measurements- (J ) engine 
losses, (2) 11 H.P., and (.‘I) fuel cunsumjdion. Trom (1) and 
(2) the I ll.r. could be obta'ued. mid ilierefore tlie meeliaincaT 
effieieney. Thv tests wt're run willi the (‘arhuretlor as UUvd 
by the engine Imiu’ers, and il must not tlieo fore lie taken that 
tlic engine was of necessity adjusted to give nHiximum power 
or effieieney. 


Enginrnmg, tVlaaiary 8, 1907. 
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Tho results of the tests are sliown in Fig- tF* in 'wliich curves 
are dveii for the I.H.R., B.H.P.. tl.e mean effective pressure 
aud'the torriue on the crankshaft The mechanical efficiency 
varied from 8r, to 75 per cent -falling slowly as the spec 
exceeded (Kto revs. ])er min. The jietrol u.sed had a therm.i 
efiicienev on the lower scale of 17.(810 B.Th.U. per 11)., and 
on tills' basis the foilouing table of tlicrmal eihcicncies was 

calculated— 


1 

SjX’t'd 

Ihiuil ' 

I 

UtVs, ptT 

Per l.H.P. 

Miiiuti' 

i TIdui’ 

400 

; 0 78 

4(H) 

1 0-77 

()0() 

1 0-0S7 

tlOd 

1 0 Ii77 

son 

i 

1,009 

0 0 

1,000 

j 0 0 

1,100 

1 0 79 

1,22.7 

! (0 07) 


rt'iuil (k.ii-uiti|)»i<>u (J’oiiihIn) 


0 S7 
0 si 
0 77 

(1 7r> 
C 7.7 
o 7S."; 
CIM 


IVr l, 00 o 
Kevs. 


{) 

0 2S 
(I 2'1 
c 24 
«» 2t 
U 22 
u 2(M) 
n 202 
n 22 


Tlicrnial Klfii'ienoy 


Oil 

B.ii.r. 


IS (i 
I'.Mi 
21 


24 2 
2 4 2 
24 (i 
(22.4) 


101 
IIVO 
i;-9 
18 8 

19 4 
I9:i 
isl 
1.‘) 4 


NO'I. -M sue. im. a,„l l.'iOO. ()'■' (->(' ‘>’v K,va m 

,l,c rai.ac i.f viriatua, .'\. 1.22.-. (I..- m.la'a).-! r is uiwcr- 

„„1I. a^ lu. -liiv.-t i„.-as..r.'i„c.,t ..f los- xias inarl.' at ll.a spi r.!. 

Tlic tliernial ellicicncy ro.se considerably with incicaso of 
sp..cd -due no doubt in part 1o there being lisss tnne lor the 
explosive mixture to cool, but in view of the vannbihty of the 
compo.sition of mixture i.asscd by the carburettor (of the u.sual 
iettype) it is not safe to build too much on these measurements 
An biterestiug measurement in addition to the above was that 
of the ])ressure in the induction pipe. With the throtth' wide 
open and a speed of l.txto r.p.m. this pre.s.sure was about, 1, 
lb. /in.- below at mospherie pressure. W it h t he speed rcflueed 
to 400 r.ii.m. this pre.ssure w’as h-.ss than !. ll)./in.“ below atrao- 
■ sphere 'Phe mean effei-tive pressui-e (1>) in the cylinder was 
at its mayimuhi value of 88 lb. per sip inch when the speed 
was OOO r.iim. ; at this point the meehanieal efli. lericy (r/) 
was 85 per cent., so that the product i/l' wa.s 7u.* d’he expres- 
» Tliis is Tiol much ui.m. tlrm two-thirils of that obtainable with a 
iiiOLlcrn acm engine. 
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sion 7/P is in very common use in estimating Ihe performance 
of petrol engines, and it is called the hrahe-mean-fressure. It 
is usc'd in preference to P, the indicated mean effective pressui'e, 
because indicator diagrams of these engines are seldom taken 
(see Ch. V). With more modern engines than the Daimler engine 
on whicli the above tests were made the value of 7 /P would 
usually be about 90 lb. per sq. inch, and although in ordinary 
touring car ‘engines this value would not be suslamed beyond 



Fig. 91). — l^rofessor Ilopkinson’s tests on 1 0/20 tl.P. Daimler F.n^ine. 

about 1,20(1 r.p.m., in some special engines it is maintained till 
^1,000 r.p.m. 

Tests* to discover tlu‘ relation betwx'cn the rate of eoh- 
sum])tion of petrol per Ikll.P. and tlie charactm* of the s])ark 
em})loyed wei’i' undertaki'ii at the Pity (ohlds College by 
Messrs. Topliam and Tisdall. A small single cylinder I)e Dion 


^ K’nglnferiiig, DeceinlM'r 28, 1900. 
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engine was ns(Ml of 00 inm. I)()re. and 70 nim. stroke. The 
proportion of air to petrol vaiird wiili atinospherie.eonditions 
and was adjusted for (‘aeli te^^t so as to give a. inaximuin 
])0\v(‘r (l(‘V(‘lopimai1 , the tliro1tl(‘ was ke])!. fully open, and 
the air supply alone ua'- varied. The engint' wa^ v-un at 
fiill ncrrinal speed. The ehief results obtained were" as 
follows- ^ 


Somcr (»f Sjiuik (litjli lri‘-iMiii 


i'* 1 1 1)1 < o!i uinjil Ion in /.ili p' i 
i; II e iioui 


Aeciiiimlat (»r \\ith no oxicitial lm|' . 
]\taoiioto witii rxlei'iial oap . 
A(;euinula1or with e.xO'i-n.il jLiap . 


n-2os (,i 0 1S7 
e jsh 111 0 lith 
n to (I 21 


Not nnieh ean he teiined fr(un the^e niea-iireni('nts. (Inuigli 
it would ‘'>(‘(‘ 11 ) 1 hat (liHer(‘nt lonu'^ of hii:li-1oii>ion ienil ion hav(' 
a generally similar (‘lleet (Ui tin* r<it(‘ of inel eon>imipl inn. tla* 
aeeuinnlator having a .flight advantataa 1'he t(‘‘•n!t of usintr 
an ext('rnal sjiaik gap in tlu‘ hiLdi-l<‘nsion ein nil is worth 
rec('irding 'the plug insulati(»n r(‘^i^tane(‘ wa^ o\er 1. 000 
megohms eold, l)ut af1(‘i Leimj nM‘d Inr running th(‘ migiiie for 
,tive minutes it f(‘ll to ahnnt 0 nK'gohm'^ .\t a dull I'ed th(‘ 
resistanei' fell iurili(‘r to 2 megohms, ttml eventually sjiarking 
(!eas(‘’'d mjlii‘('ly. On the introdiietion of an (‘.vtm'oal air gap 
in the eireuit, h.ow(‘V(‘r, ''jtarking was r(’>^um(‘d. (‘\(‘n when th(‘ 
j»lug wais n.adi' hright red iiot. and tlu' iesi.'>tane(‘ had sunk as 
l(A\ Ks SOO.OOO ohni" 'The (‘\ peiiim'iit ers e()nsi<l('i‘(‘d that this 
slu/waal that l(‘akage through the porei'lain of tla* plug might 
h(‘eome quite large (‘uongli to '>1op sparking (mtir(‘ly, and that 
lh(‘ eff(‘et of th(‘ ini rodiiet ion of the ('.\t(‘rnal air gap was to 
|)r(‘V('nt th(‘ ap])lieation of the voltage across the s[)arking 
jioints until th(' instant at which eurr(‘nt }H‘gan to How in the 
lilgh-teiislo]) (■ir(‘iiil. ih(‘ spark then })(‘ing of tlie natun.‘ of a 
condenser diseharg(‘, and the leakage iK'ing (‘onsid(U‘a])ly 
rediie('d in (juantity. 

1G8. The Effect of Cylinder Dim<^nsiors cn Power and Effi- 
ciency. -Manv .iltenqnts * hav(‘ Ix'en mad(' to j>ro(liie(‘ a w^oi'k- 
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ing tlioory of llio elfoot of (•yliii(l(T dinu^osions, [jarticularly 
ey]in(l(T diameters, on tlie economy and jxnun- of ititcTiial 
eomlmdion eriifines. Most (jf Oiem ha\(‘ owed their oin^in to 
the eom]M‘tnive tiials of motor (*arsin which tiu* varir)iis velii- 
el(\s are •classed aceoniin;^ to ]iorse-pow(*r, and wlhrh therefore 
rt‘({i1ire that th(‘ huiires ^iveii should he ])ro|)erly eomjjarahle. 
Koi* la rue ii^t iM iial com lnl^t ion enuincs t he (‘\ist(‘n(‘(Mif such rules 
is not of vital ijiipoi 1 anec, sinci' Iht' cojn])aiison of oia' engine 
and allot h(‘r (h'jtciids 11)1011 so many otlu'r factors, and. mo7‘('- 
0V(‘r. organized coinjict it ion^ arc unknown 

Tlie tirst attianj.h to (had with this matter (an a scientific 
hasis is diK' to I’iolesMir t'alleiidar. who riaul a jiajier liefore 
th(‘ Instituti(ai of Antomohile Kncine(‘rs on '‘The Efleet of 
Size on lh(‘ Tla rmal Erticiency (»f .Motois." (’yliiKhas as 
layiL^a- as (1 inches wiM'c eoiisidei'cd which, altlioniih common 
in Lcis (Millin' |)iaeti('('. wen* well (»utsid(* the ranee of ihotor 
ear c\iindei-s This mad(' the ])a{K‘r the more* Aalua*!»k‘ in’ tIk* 
eiMieial s(‘ns(\ althoneh from tlie strictly motor ear jioiiit of 
view ad\-, intake would have been jLi'ained had tla* theoj'V h(*en 
based en1ir'‘!y ujioii ciciine trials with cylinders n(*ar(*r tlu' 
customarN motor ear si'/(\ As it was how(*V(‘r, tla^ jaijicr 
})ie.sent(al a Laaieral theory not onI\ a|»|)Iicabl(' to unit or ears 
but to lai'C(‘i eiiniiK's also. 

It is well known that th(‘ “air standard erf ethei«‘ne\ is 
lii^lK'i' than the ei‘ticienei(‘s obtaiiK'd in jiraetii'c. and that tht^ 
ratio of t he latte]’ to the bu’iner is eomnionly a bout tiO jh*]- cent . 
This means a di'lieit of -10 per e(‘nt. owinc to souk' cause or 
oIIkm’. What is this caus(' ? The answer is, first, that the 
“ air standard ' of (*f’lici(mey is a far hiylHU one than any act ual 
en^im* can e\er aehiiwae owine to the fact ’that whereas the 
value* of }' assuiiK'd in tin* “tiir standaid '* i*{|uati(ui is t40. its 
averaee value foi- the actual (Alinde*! ua-cs at working temi- 
])eratur(‘s, takiiiy tlu* inci’easc (*1 sjiecitie luait into account, 
would be mon* m'arly 1-.‘k* This alom* aceounts.for about- '20 
])er cent, of the 4t] jXM’ (-(‘iit. a})])an‘ntly lost. -and the remaining 
21) ])er cent, is due to various h(*at lossi*s such as jacket loss, 
radiation loss, etc. In ucneral. therefore, it would appe-ar 


* Sec j):n‘ OG. 
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that the 40 per cent, loss is divided ahont equally beUveen the 
twc), though in Professo'- ( 'allendar’s vi('vv it would be more correct 
to put the uiuu'oidable apjiarent loss due to the ]m)pertics of tlie 
gases down as 25 ])cr ciait., and th(‘ rciuainiug 15 pen cent, to 
the Toss of etticieucy o\\ ing to heat losses during the ojierations 
of the cycle It is ch'ar tlud, as the volume of gas in a CAliuder 
will b(‘ ]u()[)ortioiial to th<‘ f*ub(‘ of the diiiumsions. and the 
siirfact' of tli'e cooling walK ])roportif)nal only to the square of 
tlic dimensions, doublirjg the size of an engine will halve the 
lieat losses due to surface cooling. 'The fact tliat the larger 
^ engine will probably not lam at so high a sjx'cd has litth‘ effect 
on tliis ccuicliHion. as although tiu' time th(‘'gas('s will have to 
cool will imaraisc Aviili diminishing speial. yet. the diminished 
speed will lead to diminidied scrubbing of tlu' cHinder walls 
by the molccuh's trf tiiC eases, and so haive matters much w here 
they'were. It may tin refoK' be <'stimat(‘d that 1 Ik* loss of 

efliciencv*due to surface cooling will be a- ^ wheu'U is the 

J) 


cylinder diameter. Home los^i's, how<'\ (t, such as t lu* l adiation 
loss, d(j not f(»llow' this law of dinum-iems. tliorgh w hat law they 
do follow it isnot y(‘t known Ntill otu'i.f t lu* most im])(n taut 

losses has Ixxm shown toMx' uro]*oitinnal to * , and as an 

|) 

atl(un])t at a working theory, there is no harm in guuiping the 


h)sscs t ogetlu'r and jmtting th('m ]>ro])oitional to This is 


what Piofcs^oi ( allendaT dorswith se\ cial ^('ts of engiiu' trials. 
On(‘ .■^•t is ba‘'cd on his (twn expc iimcnls (ai an engnne with a 
cylind(‘r dianu tcr of 2 im la s, and (he others an^ diawn from 
the Bc‘])ort of a < bmniift< e of tlu' Instil ution of ( 'ivil Engini'crs. 
Ih'om tiiC combim-d ji'subs on alldom' engine's as given below^, 
he finds that the value ot the constant a U) be })ut in the 
exj)]'cs.siou — 


loss of e(li('i<'n<*y 


a. 

I) 


ac'tiially corner out as l-(i wlmn I) is mcasuied in inches. Ho 
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D(*sigTeOion of <‘ 0^00 . . . . 1 

DiauK'tia* of, cylinder, mclics . . | 

Losw of elliciencj* ( “ j)) * • * i 

f' 

2 ;!i> 

L 
f) r> 

i !*• 

911 

X 

140 ‘ 

0 42 

(1 IH 

U 11 

0 07 

Ke.siilting cflicieiicy figure (l 

O-aS 

(I 82 

0 8',l 

0 oil 

()hs<*V\»‘d r<‘liitivr ('flieu nc\' (‘<nt\- 

par( (f 'With air staiid.ud . 

Iviilio uf l.ksff l\\(j tun,- .... 

' <141 

1 U 7(i 

1 

i- (Mil 

! 0*7o 

oor» 

( 1 . 7:5 

’ 0 <>‘1 

0 74 


f 


II a} pears tlial tla' valii(‘«<)f tlie aWove (*(»nNlaii1 viz. 1*0, 
was elioMMi so as 1o leiuler roiisislrait lh(^ figur(‘s in llie last 
lin(‘ (»F tlie al) 0 V(‘ table, 

In this way tlie j'e]ati\e (‘IlicieiK y <»i‘ any (‘iipiiie is written 


down as 0*7.1 (^ \ -- and if 

t(a‘ the de<.na‘ (d eninpres'-ion 
K, tlien tlu' 

tlirriiial etli('i»‘ney - 


tlie ■’ aii 'staiKlard “ (dlieieticy 
nialer <‘()nMderation he railed 


Had till* '‘air st<indard " he(Mi a standai’il reall\ a.p[>lieahle 
diri'cth' to ras eniziiK"'. t h(' limnx* n'7,r) weald ha\<‘ h- eii unity, 
so fiiith(‘r 7 *'iinplil \ in^ tlu* toinoda. As it a lli(‘ ahovt* (.apia- 
tion >how^ that eviai t h(‘ laii-e>t engines eaoiiid yid lU'arer tht‘ 
“ air standai’d ' than 7.1 ]K‘r (‘('lit . It i^ iiM’fn! to i onpia^f t his 
eonelnsion with tla* valuo haind in par. 01 t'aiiendar ini's 
th(‘M' n‘sult in ohtainin^a' his H.(\ method of rating, to he 
d{\Ncrih('d in par. ! 7n. Ihdore eoininn to tied, luovevpr, it 
i< ni'cessary to C'on^idm- the >im])l(‘r R \ t rating. 

169. R.A.C. Rating.- -The i-atini: reeomnKmih'd hy tlu* 
ILA(\, and adopted hy t hi'^TriM-nry. is that oia^inally sug- 
gesU*d hy Dngald ('lerk. who ])ropr)sed 

ral<‘d H.lh - aa- ; 2*5 

w’h(*r(^ II istlu'- iiiindx'r of e\ linders and d the exlinder diameter 
in ineln'^. dims a fonr-e} Inah'r I'liiiim- of 1* ineh hort‘ would 
hav(' a lated H.H of iM-lt 

11iis rat ing i^ taut a nu amt to a . *"<11111 ini.' tliat for.) riveij mean 
pi’cssuri" in tlu* eylindc*!' tlu* proton '-pi'i'd in le<'t per minute 



2S4 THE INTERNAL (t)MBlTSTI()N KNCJINE [vmav. i\ 


will 1)0 the fiiuno for all ty})w and sr/(‘s of ongino. Experiment 
has shown that tlH‘ moan pressure is ])ractieally indej)eiRlent 
of bore and sti-oke. but tliere is uneertainly how far it is safe 
to assume that tla^ piston sp(a‘d is tlie same in all engines. 
This nneertaiidy is dia^ to laek of elearne.ss as to what the rated 
H.R. is su])[»os(‘d to re})resent.. It might 1)0 atiy ono ot tliese - 

1(1) Maxinuun il.I'. on tlie bench wlaai runninir ail out/’ 

(2) .Maximum H.E. on level road when running “all out,” 

(2) Maximum H . Ik \s laai climbing 1 h(‘ st(a*p(‘st hill clim]>able, 
or 

(4) Av(‘rag(‘ Tl.lk w lam running on mads in normal unim- 
peded s(‘rviee. 

Now for (1) the R.A.tk rating melliod is probably tla^ most 
eorreet. using. ho\vev('r, ji lower eonstant than 2-a. For (2) 
tlv‘ engine speed in r p m., and not tliv pislon sjaaMl, is the 
more negrly constant f.iclor. and ILF. is tluaitore roughly 
proportional toc'\lind(‘r a olumc.atid i^ a])])ro.\ima1(‘ly- volunu' 
in eu. enis. . |n0. For (2) the (‘Ugine specal is ct)nunonly in 
the rK'ighboiirhood of son or IJMMi r.}).m.. ami IIk* Nohiimdric 
ralipg therefore applies lane a!M». and we. may rouiihl\ say 
H.F. — - volumt' in cu cnis. -F l‘>o 

h'or ( 1) ther(‘ is littU‘ data a\ aikible. but the K A.t’ lor'mula 
probably tits it V('ry nearly with tlu' prc'sent constant. W’e 
may *t,heiefo;e make out tlie following tabl(‘‘ {(' total 
(Iisplae(‘nien1 vijIuuk* in cu. ems.) 

(1) Maximum b(‘m'h 1 1 . F - /. /.a/- w here I' is some eotisbuit 
( (^),Max. H.F. on I'oad FF FH» 

(2) Max. IFF. on hill (' 120 

(4) Average? H.F. normal uninterrupted senviea* on roads- 
^ -neP-r^^y. . 


170. The Callendar Formula.- The R.A.Ck rating assumes 
that all sizes of engines are ecjually meelianieally elheient when 
worked under the same eonditions whieh is md th(' case. If 


T)^. be multfjilied by the expi’e.'^don ^1 M as projiorl ional 


to tbe-nnK'diaiiiewal ellieiemy, thi‘ result is to obtain lh(' (o\[)reS“ 
sion r)(i) — 1) wliieb sliould be use**! in place of IF in the 
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rating forimilau \u tliis \\a\ ProL'Ssor ( alU'ndar a 

’ [\i\ raliiiii; (Petrol ( '«»risuni])t ion ralinii;) of 

jj.ii.i'. ',’(r)-i) 

t 2 bein^ th<‘ suita])l(' eonstant. Tlie lbC\ raiin^?^ 
atid lK\d'. ratiniTN for a, imndKM’ of wbnder dianud(‘rs ave 


gi\(‘n in tile 

following tabk‘ 


I) 

' 

; u i: iinu' 

' 1 ji> I • \ iiii'it 1 , 

I’.e 

(p.'i r\ ilM'l- t 

ItM il' 

i; II e. 

B.n V. 

I 

u m 

till 

2 

1 i; 

1 0 


; 2 1) 

31) 

t 

: 0 4 ' 

() 0 

• 

; 10 0 j 

jO 0 

a 

! M t ; 

\ 

s 

! 2.‘) a 1 

1 2s 0 

m 

1 

1 

20 

K.o 

i 

; I'.H) 

'PIk'.o' two 

forinuLe are '-hown pJotK 

d in Eig. loO. 


Callendar f<tnnnla ^ (1) - i) ui\e> ih(‘ II.P ]>er eylindei . 

Th(‘ rc'suli of irsini! tla' P.t . i‘atiiJi» \Nould be, (jU(.)t<* Pro- 
fes>or (\diendar “ Aeeordiim to tht‘ R.A.O. formula, a four- 
eyliiidiM' en_u,in(‘ with 2 in. boi‘e and stroki' (like' the F.N. 
moloj' e\'c’l(‘ tMuznu') is rated at te4 ILP.. and is >‘([uivalvnt to 
a sinj^k'-eylinder oi 4 in. boic Aeeordin^ to my <.‘X|)en 
iiKMits t lu‘ fouraA lindei of 2 in. bor<‘ could ntit d('veloji iP^P’h 
mor(‘tlian4 H P. uiah'r ordi^iary eondit ion^, and \\oi!](L .^tand 
no eliaiua' auamst tlie .siimle-'*\ lindej* of 1 in. hoe A 
four-e\’lind(‘r of 11 in. bore is eijuivalimt to a sini^h'-eylinder of 
(i in. ]>ore by the A.t'. ratiuLO but aeeording to the P.E. rating, 
tlie singh'-eylindiT ^^ouId ha\e an advantage .in ])oint of powo • 
of 2“) |K‘r cent. A t\\o-e\ linder of eijua] jiouer'Qn th(‘ j\.i\ 
rating would havi* an advantage^ of about 12 pei' cent, over 
the four-ey lindm', ami a ^ix-eylind(‘r a disad\antagc of about 
10 per cent.’' Profesi>oi- (‘alleiidar also remarks : — “ An obvi- 




R.A.C. Kating " lor coinp^iring the HI’- uf I'otrol Kiigines. Prof. Callf'ninilar s 
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ous ohjrclioii to llu' i \ \)v of foi-mula is that llic .!> TI.P. of 
aji cn^iiK' of 1 in. boro and slrokt* would Ik^ zero. Aeeordinjj; 
to tlie rating it slionld be r H.P. It 'would no doubt 

be possif)L‘ to g(‘t sTich an caigine to run if very deli(‘ately made, 
but tl,ie.etlect of ignition lag would bo seiious al the nofnial 
s])('(d of revolutions ]>er }ninu1(\ and I <loubl wiudlun 

it could be made to give as mueb a^ 1 1.1*. on the ))rake.k’ ' 

At the piivscnt. tinu' th(M-(‘ are few niotiu- car engines tliat 
could not \ield, without ])r(‘ssing. an amount of power given 
say b^v such a formula as: 

1 -.^) 

where' <uid J) are' as Ix'fon and S i> the length of th(‘ stroke 
in iiiclu's If in a givc'fi engine tla* leng'th of sti'oke lx* 10 p(‘r 
cent greater than t la* diann'tei of the beu'e, 1 ht'^ foj'juula w‘'oidd 
at*tril)ute to the eiigiiu* a H.P. greau'r by •”> per c('nt.»than oiu* 
in which stroke was expial l<» the boi('. \\ h(‘th('r the full 
engine H.l*. can be utilized wlu']i the ejigine has been lilted to 
a motor cai' (h'jx'iids upon wh<*th(‘i‘ tlie gear-jatios have Ixxm 
suita))ly ch(>sen. 

iSone of the--(' fonuuke a]>ply to.an\ Jiing luit four-stroke 
singh'-acting engines. Som«' motor cais. however, iiave Hvo- 
stroke singl('-a(‘t ing <'ngmes, and for them tlu* rating is low'. 
A tw’o-stroke engim* (‘an gi\(', on the bencli, about (it) jx^t' c<'nt. 
more power than a foin-stroke engine of the same bore, stroke' 
and number of eylindc'rs. Tlu* reason why t.wo-stroke engines 
do not give twice as niucli as four-strokt* engines is tluit the 
compression and explosion ])ressur('s are usually less, and there 
is often a eemsideiabh* amount of fuel wdiiclrt'scapes unburnt. 
Wdum a tw'o-stroke t'ngine ^ tilted to a car a dithculty arises 
owing to its very powe'iful and noisy exhaust, the ('tT('cth"c 
silencing of Avhich increases the back jiressure and largely 
neutralizes the gain of powx'r tlu're would otlierwiso be ovfT 
the four-sti’oke engine. 

171. Ratio of Power to Weight. An mlejesliilg point is to 
find out Avhat is t he best eylimh* ’ diametcu* for minimum weight* 
.of engim^ per P.II.P. dev(io])cd. 

If the w'eiglit ^ D"'*’ and the H.P. D(D — 1) 
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wliieli 

4 

():i 7 r) 


0li.\7 


Then HP. 0(1) 1) 1) 1 

1 )-"' 

givos tlie folloAviiio tahlr 
D : - I 

'’ 7 - - 0 

slioAviiig tli.il llic' trrc.iU-^i H \\ p(‘r !!>. Avciulit <4 woirM 

hv olilaiiicd \\}i(mi 0 4 niOio, allliuuuli J) I inclirs 

prat'l i(‘all\ a.-, good a 'l1io \\(‘ighl a\i1I Ik )\\ (‘via* ho 

.iiT('cto(.l aUo hy chaiigi^ in (In r(,’,n Ktiio siiKo with m- 
(‘reasing o<>iii|)it'^sioii tju' rngjno parl^ niu.'4 ho niadi' lu'avior. 

172. Operation oi Two-Stroke Engines. Although Ha* tw li- 
st roko jiidroi ongino ha-> t\\ ioi‘ Ihi' nuiuhiu- of uorLiiig sliokos, 
]K‘r 1,0(M) r.ji.ni.. that a four-.'-troki* ongino has, it sullor^ niiioh 
from loss of powiu' ow ing, to sonio of t lu' imtoi ing ohargo jias^nig 
out of th(‘ oxhaiist holoii* it has lioim hniait. Also t hi' ovhanst 
valM' h.'ts to ho oponod hoh»ro tho oiid of tho w Diking stj'oko, 
and this diniinishos tho otTootivono-s of tliat sti’oko. 

( 'ari'ful ('xponniont '' on two-^troko I'ngmos ha\(‘ hoi'ii oariii'd 
out hy Whitson and fVnning.* d'ho oimnio to--t(‘d w.is a single 
oylindor 1 )a\ ongino rated at ikl il l‘ at ttoo r.p ni., 1 ho o\ lindor 
i)oi‘C and stroke hoing:’,} m. When under ti'st tlu' powi'O was 
‘ihsorhi'd oioo(rioall\ <ind tho LI I 1’. was iniaisiiri'd hy a roili'ot- 
ing indioator Tos^^ wcti' made at <>00, pno, J.goo and 1,500 
r.}) m. 

'Fill' ri'sults are given in the following table (see next fiagi*). 

Till' hi'^t values of P won' ohtainod w hi'ii tho I'atio of air to 
jiotrol In weight was 12 to \, and thi' following wore the 


ligurof 


SpiM-d 

r.p.ni. 

000 

000 

1200 

1500 


II), per .S(j. in. 
till 
5 S 
52 
48 


These tigures show how at high speeds there is not tinie, for a 
full charge to enti'r the eylinih'r ; also that would not hi 
much more tiiail half the value u.sual witii four-stroke engiju's 


* Proc. l.A.E.j 1008 and later. 
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173. Composition of Exhaust Gases.- T\w ('nicic'iioy of a 
petrol eiioiiio jiatnrally (]e])en(ls on the (h'^^ree to whieli com- 
bustion is coinpli'te. Tlu' exiuuist gasos sluuild not. for j>f)od 
efficieiK V. contain any t'O. All the t-arbon prt'S{'nt should be 
burnt to ( '< )j. NfU', if tlu* ])ro]M>rtion of air is closely adjustc'd, 
^^ill tlici’c b(‘ any oxvucn in tlK‘ (whaiist. 

. It is (lillicnlt to m nte down the <‘hcniical formula in accord- 
anc(^ with \^hich the combustion of petred talo's phu'c in an 
atmosph(*r(' of aii'. o\\ niy to the com])le\ nature of th(‘ pt'trol 
mol(M ul(\ but it is jntiM'estin^' fo \\rit(^ dowi^ 1h{‘ combustion 
(Mjuation for ( 'J 1 and to look upon it asn'ju’cstnding, a})[)roxi- 
malely. ^\hat o'amrs with petnd. 

(ylljg bui’iis wjtii <)., as folhiws 

2( „ll ,, : 2:.(b -! ISTT/) 


so that 27 volum(‘s (»f mixturi' gi\(‘ 2,4 volumes of ])roducts, 
or. if th(‘ steam be c(m<l('ns(‘d to water. Ill volumes. • 

In actual working, (>rdinarv air and m»t pure oxygen is used, 
so that tlu're is nitrogen uUo to be eoiisidi'ied. With 25 
volumes of oxyiren, 94 volumes of nitrogen would bi‘ associated 
— making a total of 119 volunu^s of air. J7ach volume' of tins 
petrol tfieicfon' requires <in volmmes of air bir eompk'te' (‘oni- 
bustioi;, and the c(|uatioii can Ix' t h('i‘(’for(' jewiitte'ii a‘s- - 
2(^11,. i 250, 1 94\\ KK'O, l-ISfld) 1 9lN.^. 

The. right-hand sid(‘ <»f this equation is ('xhaust jiroducts, and 
the compo'-it ion by volume will Ik* it the volume of the water 


be negU'ctcfl - or 14-5 per ce'nt’. of OOg and .S5-5 per cent. 

of 7^2. If too little air wen' admit teal some of the (T)* W'ould 
be reduced to TO, wdiieh being a poiseinons gas is a very un- 
desirable element in the exhaust ; mor(‘ov('r, it wmuld reduce 
the thermal vaiiie of the gas owing to a part of the (‘arbem not 
being completi'ly oxidized a loss w hieh has already Ix'en dealt 
with cpiantitatividy in the eha])ter on suet ion producer gas. 
If tof> much air is admitted, free (ixygen wall ajipear in the 
exhaust. J^Ve have tfierefon^ the following thrt'e rules:— 


(1) When oxygen occurs in the exhaust too much air has 

be(‘U admitted. 

(2) Too little air h'ads to formation of CO. 
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(;{) Whon mMher CO nor a]>poar in the exhairs^t, the air 
is in the right ))r()])or1i()n. 

Some exper’imejits on the ('oin position of exJiaust gases were 
niach^ hy Prolessor Ilopkinsoti ami L. (1. Morscy in ( lie engine(n'- 
ing lahoi-alories at ( aiiiliridge, ‘on the Daimler (mgine already 
•referivd io. . ^ 

The sp(‘(Ml \v;is kepi at 700;'7r>0 r.p.in . aTid a jet earhiiK 
(dlor of tlu‘ usual soil \^as used. The Ihroiile was kept open 
so lliat lli(‘ su<-lioii n(‘V(T (-xceeded 5 11>- p<'r sq. incli in tlie 
inl(‘t pipe elos(‘ 1o .llio mlcl calves Pu(‘l um^I A\as PralPs 
molor sjiirjt ; (k risdx 0*7 1 :> to o-72n ; ( 'aloiilie value IS, 900 
PTh.r. flowc'r value). The exhaust gas(‘s were analvsed hv 
the ordinai'v vohum't ri<‘ imthod.s, the CO, hemg ahsoilu-d hv 
potasli, tile o\\n(>ii hy pxiouallol th(' C(h’^^V an aeid solution 
of (uqu’ous ehloi'ide, and IIk* ll_. h\ ‘p.dladiani/ed ashest^'i", 
'The follov\ino tahle shows tin* lesults recorded — 

I'hxpniiLM irx rs .MMU'] m' I’leunssoj IIoi’mvsov vvu ]j C. .Morsk. 


rdivtl li ii>ii III ll> ■ i 
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CO „ ... 



. } 


j r li 

n, „ ... 


; 

2 1 

' 2 05 

s 7 

N 2 hy diili’i’cMct' , 

SI 

' S4 1 84 

81 

80 

73 

Total fM,U‘iil.i,t od from 



* 



N. \ 

22 1 

22 4 '22 4 

21 5 

21 5 

10 -^ 

If^O (’alciitOrd 

15 8 

10-2 |U )8 

,10 8 

17 2 

15 2 


From this it aviH Ik' seen tlwt when the TO and 0, are at 
a minimniti, the C0.> is Che per e( ot. and tlie N., S4 ]>eV cent,, 
figures which are very close to those caleulated above from 
the approximate chemical tormnla. Moreover, it will he seen 
that it is at this iioint that the higliest thermal^ ellicicncy 
(0-201) wvas re(‘orde(l. Tliis is best brought out when the 
points are plotted in a curve, as in Fig. 101. • 

Curve B (thermal ('niciency) slunvs how^ quickly the thermal 
efficiency declines when td) liegins to be produced. Curve A 
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{corresponding lo l^.H.r.) is of a very dilTc'n'iit form, as 
although it is true that minimnin production of ( O,rorresponds 
to an oiit])U< in [j.I^ very littl(‘ than the maxim uni, yet 
that maximum is hnnid when the (‘O amounts to ()‘7 per cent, 
and is very nearly maintaiiual even when the jiropoKion of (‘O 
rises ^o over pio’ eei»t. 'Plu^ ich'al cnmlitmn of working is'' 



Petrol Consumption 
Fig. 101- 


. obviously the apex of Chirve B, but the corresponding point 
(ui (hirve A is not a eonvenient one to work at. In all engintor* 
ing \\(H‘lc it E customary to work^ if po>sibl(‘, near to the 
middle' of a curve which has a shnv hum]», sucli as Curve A, 
in orde'i’ that small vaj-iations to riglit oi h'ff may not make 
much •dineieiiee. The ideal working jmint on C'urvc A is 



The following table shows the composition of th(‘ exhaust gaso'^ inuhT these eonditioAs on three diffeient 
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therefore by no means llie most eoiiveni(aii ])racLca.l point, 
wliieh in tliis case would correspond to about 5 per cent, of 
CO. This temjdation has led enjzine builders to set earbnrettors 
so to give maximum po\\(T, instead of aiming at minimum 
ju’oduetion of CO and IliendorC niaxijnnm thermal efKrieiicy. 

^ Lugald Clerk Juis also carried out tests of this kiiid.*- He’ 
used for this pur])os(‘ th(‘ engine on a IS II.R. Sjddeley ear. 
The engijK' vas a i-eyliiuha* on(\ bore 4 inches, stroke 4 inches 
8ani})les of the exliaust wen* taken while- 

(u) Tlie ear was standinir on the level with the (*ngine 
running as slowly as j>ossjble. 

(b) The ear still standing, but engine running at about 
000 r.p.m. 

(e) The ear lauming (m a level at about, is m.]).h., tht* 

, throttle h'ss than h.df ojjcn. 

■((/) The air climbing a hill, engine running a]»oui i.tMK) 
r.j).m., and throttle from three-<piait(‘rs to full o})en. 

It will }»e s('('n fi'om the above table that under eireuni- 
stanees which might (piite often occur in jtjaetiec* about 4 
})(M‘ cent, of Ct) Ixung pn>due(‘d. To ima'l Hie diflicult ii's 
of designin(ir ^ earhuretjor which Humid mix air and petrol 
in constant proportiojis under all conditions of load and sjna'd 
is no easy thing. ind(*ed most build(*rs aim at ([uite dit]er(‘nt^ 
mixt^jres, viz., tho,s(‘ that make for ease at starting, fur 
rapidity of “ jiicking up/’ and other features of ear managt*- 
ment that make for east' of manipulation. 

l),ugakl Cleik concludes from the results of his experinuuits 
that the following conditions ap})(“ar to pi’oduce imperfect 
com bust i( m — • 

1. Too rich mixture with insi>thciency of oxygen. 

2. Toi) weak mixtun* witii excess of fixygen, but too slow 

a rate of ignition and cojubustion. 

3. Irregular mixture- mixture siqiplied too rich in com- 

position -at one }>ait of the slix*k(‘, and too weak in 
anothei* ; that is, bad mixture. 

4. Engine and carburettor cold. Tins tends to cause im- 

})erfeet combustion, due jaiitly to low' temperature 
and partly to bad carbmretting. 
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5. Im])ro])cr timing of ignilinii, and misM'd ignitions. 

U. Tgiiiting ill tlie body of tiu* oyliiidcr, instead of in .a 
port'. This is liahlo to produce iin])erfcct^ (‘oiidiustion at light 
loads. 

Tile sixtli of the above conciitions is an exceptionally inter- 
esting ^me. ft s(‘ems incontestably to.be tlu* easo that tji^ 
jui'senee of»“ pockets " in cylinders leads to loss (if ctticb'ney, 
“ pockets being th(‘ name givtm to anx^ r{‘eess in the to]) of a 
eylindcu' which has the etfeet of increasing t he eh^aranci' vibnne 
Rut it is ahnost e(prally eertaifi that the pi(‘<ence of ‘ jinekets 
improves the running of lh(‘ migine undm- working e<»nditi(ms : 
and rendcMs it, as it is tm-nu^l, 'more Ikxibk*." Poek(*ts 
lower the etheieney, as they increase the ratio of surfaci' to 
Volume, but th(‘y rendei' ignition more •(M‘rlain, as. (“ven at 
light loads whim the exiiaust products hd’t w the elea]’ani;i' 
spaci' dilute lh(‘ imoming charge very considerably, then* is 
till' liki'lihood of the neighbourhood of tlii' sparking plug 
(which is probably situated in or near one of these pockets) 
being rich locally in ('X])losive mi.sture. so ensuring tin* ])roj)er 
starting and timing of the ignition. Too much " jiockiding 
on the other hand may lead to detonation of the ehaiii(‘. 

174. Tests on the Road. - Not only are ])i‘troi im..in('> for 
motor vehicles tested on the bench, bid also when fittial 
into their chassis. Such tests are ke|)t as clos(‘ly as piissihle 
to normal w<U'king conditions. ]\le<isurements of s])(‘ed and 
H.lk are n(*eded, also v lierever ])ossible te‘sts of acta ierat ion 
and of hill-climbing ability. To measure the R.ll.lk on the 
road it is necessary to kno^^ the speed and the resistance to 
motion (R) in pounds })cr ton. 

Then 

p Velocity in m.p.iV X R X weight of car in tons 

The speed is usually read on a “ s})eedometer and the resis-* 
lance by an “ accelerometer.” Such an acceleiometer is 
shown in Eig. 102. Its actiim * is that of wtMjhi Xhv forces 

♦ For a dcscri])tion ef tlu' iia-cliMnisni. and of tests made it, st'c 
The Em/ineer, Sc'jitcnilx r 1(5, IDIU, and Tror. J.C.E,. Vol. l^SS ; also 
A pplication of PoiclT to Road Trunaport iCoirstahlc tS: Co,). 
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wliicli opf)Osc th(^ iiuUion of llu' oar. aiul 1 he JU'edle points to the 
figure on the scale sluming the innnher f)f ' juninds ])(‘r ton ” 
of ri'sistance at an\ inonn'iil. Snch de\ iec's afe called ac(‘eler- 
ometers hecausi' they ^\ere liivt inti’odiieed for the measure- 
ment of train acceleration. They can ho^^ev('r he used for 
c,)th(M’ ]nirpoM's. 

175, Fuel Consumption Tests.- -It i^ aKo usual to nu'asure 
t}u‘ amount of fiad umuI a roaddest. and to jnit the result 



Fig lUL* - Acrcloronif'tcr. 


into the form “ gr(t->-ton inilc-per-gallon " of fuel, i.e., tlie 
product, of miles run pei- gallon hy the total moMug ^\cight 
in tons, d'his figure alioj’ds a useful f><)iuparison of car with 
car provj(h'(l tliat cai'c is taloui to mea^nn' during th(‘ run flic 
average amount of IIk' ]‘esista?»ce ovcrcoine hy tlu' method 
•described in tla^ ])rev’ious paragra|>h. 'fliis is ma-essary, as 
with heavy M'hichs the rc'-is1aju<‘ i^ ■--ometimes twice as high 
on wint(‘r ’roads a^‘ on ."Ummer oiu*-^. and tlu' “ grossdoii- 
niiles-j)tn’-gallou ’ iigure- will hi' <‘hang(al in ])roportion. It 
h be.st to exj)re,-’s the ndation.^hi]) in llu‘ form '' gross- ton- 
miles-per-gallon on roads of normal road r('sistance,” and to 
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iak(^ 70 11). per ton as a eoininon standarri of resistance. Tlds 
briiiL^s all such tests to llie same basis of e()m|)arison. Not 
only does the state of the roads aifeet. tiu* resistance, bnt the 
spetal at which the car runs diiriii.ir th(‘ trial also alTocts it con- 
siderably. At hi^h s])eeds the r*onipon(Mit. of the resisting 
fnrr(‘ due to air r(‘sistanee is veiy greatly iin reased. On go(/l 
Treads th(‘ Jotid rc'sistance with tlu‘ average leur-seated louring 
ear* is usually about 

R. hi lb. /ton ~ 50 -j- o-(Mi\"“ wlu‘r(‘ V is in m-pTi. 


hoi ‘ a typical motor wajion 

under iht ' same eonditions 

1 > ^ ■'O r 

OloV- 

but much d(‘|)ends in (‘ither ease on th (' form (»f the body of 
tlie vehicle , and e\peiiment is the only safe ynide . 

176 . Windage Experiments . - 

S . F . Edue (» nc (‘ carriial out 

t('sts at Lroohlands to see what 

f eifeet the laising (»f a la^ge 

wind serein would hav (‘ on tla 

> pt‘ed of a large Na])ier car 

Chs-l 11 [\ ILA . t '. rating ), ! ii '^ 

results wer <‘ 

An'ii ('f W’liiJ O ' i t un ‘1 S ( K'l 1 

in Sfniriii 1 ' t ' 

S |., ..! in M 1 ’ 11 . 

50 

7 

1 

.^)0 0 

2 C . j 

.')2 0 


:>». 

22 1 

74 0 

in 1 

a .’) 

1 

57 0 

10 I 

57 (1 


(>0 0 

1-2 ! 

(>2 5 

10 

V > [ 2 

8 ' 

504 5 

(> 

70 25 

4 

75 0 

2 

1 75 8 

0 

j 79-0 


Thes(‘ figures ar(‘ sliown plotl(‘d in h'lg. lolh Students wall 
find it intiTCsting to estiinati* what tlie resiGaiiec law must 
have been to give these results. 

* Vide uj Foirtrtn liond Tnnispori (Cuiw(a)>K A. Co.). 
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177. Hm Climliing Tests.- The initial acccltralion with 
which a car can start to n.ove o.r a level naul ,s 
nectea with the steein.ess of the I, ill it can elnnl.. If « la the 
angle of the steepest hill clinihahle, then the equivalent aeeelo- 
rdtion is <j sin a. This is obvious, as the same engine effoit is 
needed to climb a- hill of this slo|.e as to give an acceleration 
•equal to </ siii a. fhaiiL'c of gear affects lull climbing abiht> 
in the manner illustrated in h’ig 104. The lower eontiniious 
curve is the resistance ci.ive, whilst the eontimious curve 
CTOSsing it is the engine torque curve (on top gear) plotted t 
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the same scale, i.c , so tliai both sliovv tlui equivaltait tractive 
effort at the rear j'oad whe^ds. 'J'he two (lolled curv(\s i)aralj('l 
to the resistance eiirv(^ are tlici eurv{‘s of j(‘sistnnee wlien 
ashaiding gradients of 1 in or i in 12 res|)(‘ctive]y, siiu'C- 
tluiy I’cin'esent the i<‘siilf of jfddint: the (‘\tra effort laa-essary 
for hill elijnbing to ilait iK^edc^d to ovca-eoine the r(“sist;ince oji 
thel(W(d: /riie iipptTdolU^d tbr<pi<‘ cni\e is that (■on‘(‘s|>onding 
to the enjj;,ine beinii; on the lU'Xt. lo\\e.r ^ear. 

Those euives show that on a levad road the tract i\e et'ioit 



FlO. lot — Tmetive Kll'ort oinl lusistjuifo of a 15 tl.P. motor far at viuiuus 

bpf'CtU. 


and the resistance will ])e exactly balaiuaal at 34 m.p.li. If 
the road lK\t»;au to ascend, t!u‘ le^istancc cHive vvould rise 
bodily upwards, kts'ping ]>ig‘allcl to itself, and tlie crossing 
])oint' of tlic two cnrv(‘S would jno\c‘ ncan'r in showing a lower 
spt'cd of trav(d. At tla* crest of lla^ ionpa* curve the inotitui 
be(‘(unes unstable, and tliC engine will stop unless tlu* gear ’* 
be eluingc'd. ddiis point l‘^id(Mlt1y eoiiu's jiu^'t after the slope 
rises to a sttH'piiess of 1 in 2(t On the h>w'er g(‘ar the jtoinh of 
instability eoines soon afttw the sh'pe (^xeeed^ a 1 in 12 gra- 
dient. Tlu'se torepie curves (*orrt‘spond to the throttle 
being wide open. If, however, the vehicle were tiarelling on 
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a l(‘vel road on toj) i^car at iiO ni.p.lL and th(‘ llirotlle were 
suddenly c)}>cnod wid(\ it will he seen that the eni^ine would 
then be givin^^ miuh more than twice the elTorl necessary to 
overcome the road n '.distance, and th(‘ balance would go 'to 
accelerate the motion of the car. In this ])arti(“ular 'Case the 
excess etfort is alxnit lOo lb. p('r ton. and a force of 10;'^ lb. 
aiding on a mass weighing a ton would pi-oduce an acceleration 

of — 1 -5 ft. ])er sec. per sec., whiidi would; therefore, 

be the acceliaalion of the (“ar at i^hi^ ]H)int . It is by drawing 
curves of this kind that it i.'- po.vvibhMo d(‘sign the he>t gear 
ratios of mechanicalh ^uopidhal Mdiicl<‘s. 

178. R.A.C. Tests. Inlereslmv trials of toui'ing \ chicles 
and motor wagons Imvi- beim orvani/ed by the Iboai .\iito- 
mobili,' Club, and from soim* of their n.‘]u)rts the folhoving 
tallies havi* biam madi‘ out - 

l!iu7 Tiovt,- oi' MdToa W.Ai.^tss 


Xot L'lint ( uriiol 


ion 1 a ('ar-) 


7 82 

27 4 

ton (-4 eai^i . 


US 

:i:! 2() 

j \ Ikii'-, ‘ "• rat - ) 


72. 

:jo 0 

2 ton,- 4.7 car'') 


4 on 

:5t 92 

il loll" 1 1.') (MI") 


oo| 1 

1 40 (i 

f) t(ins (1 eu') . 


4 87 

1 :4:b0 


R A.C. 1 s'j I UN \Tio\AU runoNo ('VK 'I'uiws, lOUR 


ill- i; \ I , I . r 

Ou. .MmmdI' 


A\t I'a.T ( ■ I’ M. |K'r 
O.ill..,. ,t INin.l 


H P. di.A.C. raliT.L^) 


Mill’' KIM J'l I 

LM III 'll ..U< ).!„'(• 


\\( \\> lirlil 

' I'l.iilfd 1 III 1)1 t 
I III 1 Dll 


' OrD'-d'DiiAlilMs 
lii’i (.Millon III pi'triil. 
.Vo’IMjr i"l 
rars 


ffi* to 20 W.W . 2 

20 to 40 fi.l’.. . , 172 

40 to no . I ].') 0 


i:;!! 
2 14 


,‘40 7 
20 () 
OOO 


Note. - O'ot.il (ii^-Lmcc run in IIik 1008 t ria.K was 1.077 nulrs on tlio 
muds in Scotiuiid and l-lnj/i.utd Av«Ta{^i .s[>t rd of ull cars jirobuhly 
between l.t and 2t) indcs per la air. 
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TIk'sc i(‘snHs, 1aK(Mi ini <> cotisidcral ion witli inaiiv laU‘rf)n(‘S 
the author lias coilocloO, su^i^ol th<* lii^niv oi oU gVoSh Lm 
niilc^ ])cf gallon its .a (‘onvtMiicnl standard of jaM’foniianct' 
w'lu'ii reduced to tlio <‘onnnon l)il^is of it tr<‘n‘ti\ (‘ rnsisf iinco t>f 
70 Ut jH'i'ton. Tlii> "^iil)j<‘<‘t ,*i;o\\ (*\ (a*, noctL ;t ('hiiptt'f to ilself. 
and it istia^atod in fullor dt^iitil Ih.ani'- liorc jH)>Hhle.iii ‘‘Tla 
iyn of Ro^tT io iro;id Tr;tn:-j)ort;. ’ 

EXAMPLES 

1 . f'ltid otimin' ^ f<»r ilir It.ll I*. <>1 (hr <‘ar-. tir^t o?i tljr « 

1)-\ , ^ Nl) .!> - S) , 

It A < iMMiii: "i . n-niLrlru f'^Kiul t _ ,J)a!ul 


S lu'inu til' 

itl.infi . 

1 (.1' l.nj, Uifl " 

t n > 

k. icp 

pi 1 tlN < 1\ , It'll ll 

in iiK hi'.-i. 

llj h 

In.O' ! 

■ . .‘1 m* ll }n'M' 

!i\ 

7 m.M 

1 -Iri'ke. 


'lit \ 

( \ liti. 1< 1 

, 1 IIH 1 1 1 >' i| • 

U 

S-iiit 1 

1 UP .1 . 


Oil) t 

-( \ lui'l' I 

. 8 ■ It'l t 1 1 K '! 1 ' 

ItN 

tl-ine)i 


■ 1 \ ; '1 

(■\ Ijhdf 1 

1 '^n tani '"tK 

• 1. 

\ 

niM' .ai'ilv(\ 


2. ll tl.' i 

‘.111’ nt 

iiM ml ' ni.il ' ' 'Ml 

Im 

-1 1' III t 

UM'iit' ' fi lur -'t ri 1 

ke -^ingle- 






|)ii) . S) 

« .druliito 

:i(‘l lliLT. OIK ’ 

o !.n»ii 1 ) 

]•< < \pi. (1 In, 

til 

K Ini’Ii 

mi.i - — _ — 

tlj' iiM'ini ‘'H 

1 1 UN ' p? 

Ul't “ \\ lllt'l! 1 1 

i< 1 

' I mu! 

.( k'r tl 

le follow- 

HIM Ul'MIl pi 

M. 1, .fM 

, (U 1 (MIO. ! : 

k'‘0 

.,,ini) , 

1 .700 t: p. 1 

'll. of ;m 

r]ll.'llH‘ iia\ 11! 

M a sii , .k 

.n-lx-rr l.ii '<> j ^ M 

1 1 

.70, ,ind <t meehaniiM! 

('IiK K IK y 

(.f 0 SO. 









ESSAA^ i)V\ 

8S' 

ntixs 


[Tlir 

IMUL!: pU' 

■>lii>n', art', for the 

mM^t 

pa.ri . sell rted 

fr<*ni ex- 

aniiu.it 1' '1 1 p 

.Ipl'l 






1 . I'A 1 (i.iin I'-'t i‘ 

~ me: lit \>\ ( 1 ) nl 

IW) 

lul.' t. 

'inpi fatiire, (id 

. 1 ^ pi rfeel 

ga^. Statr 

till tWM 

ehiet laA\> wliieli 

lA' • 

perfee 

I pU' ' ol)<\\\ and prove 

tii;i1 fni .1 ) 

H-rlVft g 

a- iM t'niisl 1 

Mt. 




2. What I 

> t ill- l.i Nv roiiiit'Ctinji 1 ll*' 

■ l'« 

> ssnre 

' (lit. [ler sq. ft. 

), volume 

(fit. ft.) ;nut 

L alisi.iut 

(' ten tper.it lire ( 

rt'! 

itiar.ide M-a,U') of 1 11 

n of .tir ? 

jOno ru. ft. ' 

nf .nr .It 

N/r.lk AN - i;:!.- 0 OSOT ll>.] 

I'A plain \vh\ 

tlu' .'prei- 

tie l\<>at <>t it 

.ir.uat 

ai'-tant prcosiiif 

mi 

iMt f>. 

fTP ill or t Ifaii til 

le spi'filie 

Jicat :i1 (‘on^l.int mi 

lunif 





8. A 

('\|)aiul'^ 

m ili.it I’V” ™ 

em 

I'-tanI 

Slldu llktt li 

■ ll IS the 

rat in of i^jiM 

•liic llflll 

at eonstunt [>re 

.-.sure lu 1 

>peeijie In'at at 

eoiifsUUit 

voluino, Um 

( xjniUbinn is adi.iOalit*. 


Oil 

'eh. JSc. TriJ)o^, 
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4. A rngiiK' works on :u» idc.il cyolr with juliiOnilK' coinprc'ssion 
iuid expaiL'^ioii, iv<*<‘ivin" nmi heal onK at constant \(tluin('. 

Olit un tlj(' (■^■j)r<‘^'^ion of its (‘(lifiiaicy, iMi'cli. Sc. 'rT'ijx)S, IttOt).) 

6. Jn ^^l^at way docs the l‘V dia,or.nn of the ideal <-vcI(' for a ^as 

rnyine diifer from rcdjty ? If it difters erc.^jly, w h,\ a.rc miMi cideiila^ 
lion-, <if any nsc ? * ot IhtM!.) 

(‘i. DcMTihe with t-kt“tclie-^ the )nt»d(' of opeiMi Ion of an Inti'vnal 4'om. 
laisti(m Kn^’ine. Iv.plaih \\h\, in *prenerat. siu li an < nuin/' is more 
ettirient a- a' heat iiiLotn than a. steam ♦ ni.Mne of the same ]>o\ver. 
Stat(‘ win re the vai'ioO' li''-''es oj energy oe( m’ A i;a,s 'enyine oi 10 
ji !].[‘. con-i.'mes IStt m ti, t>f ya- pei lutin’, the calorha; n.iIik* of 
winch 1 ' IlOO r»d'hT\‘- |tcrcu it. l’’i»-d tin h»tal,( IV'eiency, and t.nve a 
I’oneh otmiate of the dilhoail j>io|Mtrtion«^ of t irt ftr> lost dm to Die 
eaij'-es imnlioned ai)o\t. i M< < h ‘Se 'I'lipo-. lOttO.) 

7. Descrihe a L'a'' t n^nm', and t‘\pl:im l-ow n U'-< ^ the Otto (\c1e 

of opei'al mils. Sketch tin e\ Iiialer. '^Iiowitm piOon. u at er-jaeket , 
val\(‘s. sliapi' of clearance spa.-* . ami sliap- oj e\liaii-i ttiit'ide Die 
cDinder. ;D <'i D. 1S!H».) 

*!>. ^^'liat is nit'ani Ity ' seax'-nyme” in Klation te ^a^. eiiL'ines V 
How is it' done, mid how 'or vDiy) do'\v it aOect the elticiencx 'I 

(Meiii. S<-, dripos. isos.) 

9. If tlic idi'al P-V dia^iram (tf a ^a^ enirim ci'n’-mt'- ot an -irea I'li- 
closr'd liy Iw o lim's of ci tiist.-int \ olntne inters* ct ed h\ t w o adiahat ic lines, 
show tilth the etiicieiicy of Die cyck* represent < d lo Die diaLO’.im di'- 
peiVds on the comprei-sion ratio only. as^mnniL' lh<it the specilic hi-ats 
of tile w orkiiijr iie* n* id 'onsiant pri’ssnre and also at constant vohime, 
are eonstant. ( H. of M. IDPJ ) 

* 10. hkv]>iair) sthx the itliciincv of ii yms engine f.dh. slmi’t <a the 

ideal value o))ja.i lied ]»\ siil)vDtin in;j; y 1 4 m Dm lormnla I “ ( j 

Indicate the ndatixe imporlanei' of the (Jilleiint n asons. 

(Meih. Se. MVipo.., KD.d.) 

11. 'Drit ici.sc the Otto eye’e from th<' ftomt of view of fl) < I'jii n ney, 
(2) rrdation of jjoxxr r to w'eifrlit on the p.art of the entrine. Tn modiTii 
practice the tendt hex is to comjin s.s Dm- mixlun- hielily before ignition. 
Ifow' d.oes this afe-i t Die points of your cntici-^ni? 

12. Ifoxv an lndicat<»r- 1 haerams ta.ken from a petrol engiiH- going 
at, say, 2,000 rex^s. [ht min Describe the Indicator. 

(R. of K., 1911.) 

13. Skcdcli Die form of Indicator-Ihatrram yiiU would exjiect to 
obtain from a p( tr<il enLonc. Skcjcli diagrams slioxx’ing . — 

(a) Tile spark too nincli ailxance/l, 

(t^d/ The spark in.-nJlieienfiy adxmncid. Dk of H., 1912.) 

14. What ought to fie the comjio.'.it ion of the (-xhanst gasi-s from a 

gas engine using good coal gas or from ,a petrol engine ? Wlxy does 
Dio actual composition difTcr fr-oni tliis ? (B. of E., 1910.) 
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15. Miller a (iin'ful sKrlrli of a prirol Toot or. Hliow ‘a (‘firl airrt 1 or 
1o an ('iilaiyrd scale a,n(l cKplain the jirinrijili' of its action.- 

■ * (11. of Iv, lOip.*) 

\i\ In ;i, ij;a,s-rnL>:in«^ dia"rain tin' expansion enr\e iisually !i< .‘e idiovc' 
ihe a,dial>Jit i<‘ expansion cur\e, sliowintr that, if the woikni" siih-’ 
stiince ]>(,' a pcrf(‘cl,^Ms, it nmst lM*rcc»'i\ inyf he:i.1 during t h(M‘\p:ins‘i/)n ; 
ycd, in hiej. miu-h he:d i-- uithdr.iwn from the e\ hnder \\ii\U by tiie 
eoolint NVii'ter. What do \oii riina.rd as tin- ino^l probable explarrfl- 
fion of thi;^? •<hve soon a<‘eoiait of lh(‘ iireuments an^ < \[)erifnent:il 
e\id(aic<' ubieli lead y-n t<* pieh'r \ our d\]>liinat ion (o others that 
ha\e liei n •sue sled. .'Meeh. Sc. 'I'Mpov. •I'jOf.) 

17, I )ii-eu-'S I he re^i'-ons 1 hat !^i\'e been eix eti for the so-ealh'd “ sup- 
pri's-ion of In :it ' lu I he weiKmir navtuie of a < nuitie, and ^U'c an 
aeeouiil o.f reeenl ii*i\ < i^at loio, eonduel(d for thi- purjiose, into th(‘ 
pr(»ji('rt 11 of tlie e.« n-itiand into i he mterelianee of h(Mt Ijetweiai 
the nu\t un a? id I he non -urf.iei into u hi< li it comes ni cont.e't during 
.its ■\vorkintt. 'Meeii, Se, d’lipos. Ihlb) 

IS. nesenbe \\!(!i sketelus }io\\ ln,bti(.Ulon '»f the ^anou.-^ parts of 
an eneine (not eiieaM'd ) i- usuitll> peiiormed. |W of Iv, lh02.) 

ill. W liy do we i'( e(il,,t an eneine w it h If-t h a fl\ w heel atjd a e(HaT- 
nor ? K\pla.iii ekarl\ liow (mcIi :illee1s tlu reynlation. 

iB. of R.. Ihod.) 

20. (live nil' account ol the dilfei-' nt inetlmds n'>ed for gioernin;:^ 
pas (‘niihu'S, statinp thi' ad\iuit!ip<s anil the disad^’antaues of each. 

'Mech, be. dVipns, IDD.t.) 

21. SUeteh a si'ction (hrouch thi' pas^\aKe of a y.e e* 'm-e, ^how- 
inp *tbc ]iit -itnd-mi-s rnechanisin ojieraied bv tii“ pixerii' i. 

i'> ot i:.. ItttiT.) » 

22. I )e''cribe any non-luminous pas niiikintt plant for use wiili a 
pas cnpiiK woikinp to, sa\ . !(•<• T.Ii 1^. What chemieid .aetiob niki's 
]*laec ill the pas in.inuf.iclure ? W hilt is the con>])o.-^i1 ion of tlte pa'. ? 

(B. of K., ISO'.).) 

23. l)cs< ribe w 1’ li sketches ibe mamilacturc of any kind of prodiu'cr 

pas. You mast show that you liavc a knowlcdje of the chianieul 
(■haiipes which oc air. (1’ <>f bk, 1911.) 

24. A petrol enpiiu' is run on the braki' tind tl*e petrol supply is 

pradu.dly inereased by adjust it^enl of the earbiireib'r. llu' tlirotlle 
beinp kept fully open m.ik 1 tlie biMwi' .a.'* justed so a..s to keep ilu' speed 
constant. It is found that' tb«‘ bra.Kt' load incrca''es to a ina.\iinuru 
and then keejis nearK constant, in ^}>it(‘ of a considerable inerc.ast^ 
in the consunijilion of [udrol. Also the niaxiiiiuiu tonpic so detfr- 
iriiiu'cl diinini.sjic-, as tlic speed is inen ased.' ICxplaiu th(‘sc observa- 
tions. * tMeeb. Sc. Trtpos, 19]:>.) 

25. Di'seribe .soino form of small 2-cyele pidrol^ motor, h.xpkun 
why the small 2-eyele enpini's do not as a rule give mueb more, jiov.e.r 
than the 4-eyel<' enpiiH's of eiiua.l cylmdiT cajiacity and are consider- 
ablv loss (‘coiiomieiil of fuel. W hat countervailing adxantages have 
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th(’> u hell .tlf^ y ar(‘ applu'd to IIk- |iro|»nl,>-ion of vt'liii-lc.s juul bosiis 
rfsp( ct i\ oly '' (Modi. Sc. 'J’rijto.s, 

‘2(). ^V)ly is ll>c ]Mmcr (•( the oicjmo of a motor car s(» jj:rcjit in coin- 
[larison with IIk' jiowcr applied to a lior.s('-(lra\Mi volndo ? (h\(' a 

'rough ostuuiUo of how th*- powi't* of a (W rated a.t .‘hS Jl.P. is spiait—* 
(1) AVhou going at 8t' in.p.li. o.i (lie low l. 

(21 AVhon going at -low '-pc<-d up a liill of 1 in 5. 

AVhat is the prohahh' a1tnhuta,hlc to the eninkdiafl, the gear 
box and the haok .ixle gear *'' * *< • 

27. Slrnv that the aocolcr.uionr of the jii.^ton of an engine at the ends 
., / r \ 

of the stro]vearegi\enb\ I-} 1 where o) is 1 he angul.ir \'clocitv of 

the crank and ; and I ar.‘ lht‘ lengths <if crank and eonn(<dtiig j-od. 

(Mich. Sc 'I'npo.s. 15)12.) 

2S 'Phe following are the lesiihs of two t oniparal i\ e ic.-ls of the 
sanie gas engine, the oni\ itiden nts' between the two ]>eing that in 


ti'st 

Vy 1 lie gas < ocl 
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xP 

r t h.m III test 
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( elil 
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Is 

tiie greater lx 

•at los,- ado 
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e 

to ae( onnt for 

the w ix 

•le of tlx' 

di’t >p 

111 < Oleicnev, 

and. if tmi, 

)lOV 


io \ou a.e<-onnt 

for llx 

halanee ? 
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(Meeh. Se 

. 'Ini,,,.. 

1013.) 


2h, Siiow that the force reipiired to aei derate the reiaprocating 
ina‘'S('s of an engine is gi\in ap))io\inia,tely )‘y 


o.f,^ 0-.. ^ ro.s 2 0), 

whore M ~ ma's of n-eiproeating parts, 
w --- nngulyr velocity of crank. 

'f cranl. radin.s. 

I ~ lengiti of conneding rod, 

0 crank angle, measured trom lino of droke, 

r.ivc any gr<i|))iica! melliod h\ wliieji tin* aeeeleration of thf' rei'ijiro- 
Vatiiig rnas«,s may la ohtaiiiMj, (H. of [-y, 1012.) 

30. Jh’o\'(! tluit tliere is no eliatige of tem]>era,t ure when a perfect 
gas, after parsing through a throttle \a]vc, lias been again lironght to 
rest . 

Experimeiit.s \Tith hydrogen liave diown a very slight rise of tein- 
pfTature. flow vsould yuj account h»j’ tins? 

* f.Meidi. Sc. 'Pripos, 1012.) 
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31. Tn a sinprlo-cylindcr engine, al {iny poinl. of the htroke, show 
how to find tlie (nniing nifniient on (lie enmkshaft, if \^e have, an 
Indieai('r T)iagraiu and tlu' sixes and wejgljfs of 1h(‘ ])art.s of the engine 
and- its speed, "rake tlu‘ shortiu'ss of the coimeeting rod into aeeonnt. 

• . (B. of E., 1010.) 

32. Cliven tiw BV diagram of air altering in statis flow do we tind 

a diagram sho^^ ing at every instant — tlie rate of reception of heat ? 

• " « V , * • 

If ilu3 ex’])4,nsiQr< curve follows approximately PV" ™ constant, find 
dll . ' ‘ (B. i^f E., 1900.) 

33. h^^xplaiii liow Mm would p^'oeeed to Imd the ti-mperature of the 
eliargf in (h(5 eslindgr of a gas engine at a point in (he .-stroke just aftiir 
the (losing of the aduii.ssion \alve. Ha, \ lug deteriniiK'd this teiupi'ra- 
iur(>, liow voukl you use y to tind tlu' tenijierat uri' at points during 
the exjiansiou slrok«' ’ Si.ue elearl;* tlu- dm a.suivtaeii(s you would 
ina,ki' and the observations would take to obtain the necessary 
data. 
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CRAwm vm 

Pngcs 274-276 

1. 14-75 per ront. 2. Excoss air 106-0 per cent. ; exhaust products 
per lb. of oi], 52-1 lb. 

3. 0, 06 grains ; COj. 8H grams : 14/), 54 grams. 

4. Indicated thermal efiiejency, IHO per cent, 

5. 11,360 U. per lb, ; O-d'o lb. of O. 

0. 1-07 ill. ; 75 lb. per sq. iiieli ; 240 Ib.-ft. ; 5-8. H.P. 

7. 8 8 li.P. 8. 210 Ib.-ft. ; ,3-57 ; 450 lbs. 

9. -655. 10. 20 5 per cent. ; 78-9 per eiiiit, 

11. 67-6 lb. per sq. inch. 

12. -819 nP / y U/ 2 . 

^ ^ Vy lfTi)'-' 

whore a sq. h'et is the eunlraelod area of the issuing jid.. 


Cll ALTER IX 
Page 301 

1. (i) 60; 72. fii) 26; 38, (in) 20; 22. (Iv) 8; 18, 

2. 105 ; 84 ; 70 1]>. per iueh. 
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